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® Catalyst for olefin polymerization, process for the polymerization of olefin, and transition metal 
compound employable for the catalyst 

@ A catalyst for use in the polymerization of at least one olefin comprising 

[AJ a catalyst component comprising a compound of a transition metal of Group JVB of the Periodic 
Table having a llgand containing a -SOjR group wherein R is an alky] group, an aikyf group substituted 
with a halogen atom, an aryt group, or an aryl group substituted with a halogen atom or an alkyl croup 
and a Ugand having a cydopentadienyf skeleton, and . 
[B] an organoalumlnum oxy-compound. 

This provides an olefin polymer having excellent particle properties at high polymerization activities, 
and enables the production of a copolymer having a narrow composition distribution. The transition 
metal compound preferably is a novel compound of the formula 

Cp 1 S0 3 R 

\ / 
M 

7 \ 

Cp 2 x 

(Cp is a group having a cyclopentacfienyl skeleton, R Is an optionally substituted alkyl or aryl group and 
X is SOjR, a halogen atom. R. OR, NRo, S(0) q R, SIR 3 or P(0) q Rj, wherein n = 1, 2 or 3 ; q « 0, 1 or 2). 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 519 746 A1 



FIELD OF THE INVENTION 

The present invention relates to a catalyst for olefin polymerization and a process for the polymerization 
of olefin using the catalyst, more particularly to a catalyst for olefin polymerization capable of producing an 
olefin polymer excellent in particle properties with a high polymerization activity and a process for the poly- 
merization of olefin using the catalyst 

Moreover, the invention relates to a novel transition metal compound preferably used for the above catalyst 
for olefin polymerization* 

BACKGROUND OF THE INVENTION 

For preparing a-olef in polymers, there have been heretofore known processes fbrcopoiymerizing ethylene 
and a-olef in in the presence of a titanium catalyst composed of a titanium compound and an organoaiuminum 
compound or a vanadium catalyst composed of a vanadium compound and an organoaiuminum compound. 

The ethylene/a-olefln copolymers obtained by using a titanium catalyst generally have a wide molecular- 
weight distribution and a wide composition distribution, and are deteriorated In transparency, anti-surface sticki- 
ness and mechanical and physical properties. On the other hand, the ethylene/a-olef in copolymers obtained 
by using a vanadium catalyst have a molecular-weight distribution and a composition distribution both narrower 
than those obtained using the titanium catalyst, and they are relatively improved in the transparency, anti- 
surface stickiness and mechanical and physical properties. However, those properties are still Insufficient for 
various use applications requiring high properties. Hence, now required are catalysts capable of producing a- 
olefin polymers, particularly ethytene/oolefin copolymers, much more improved In those properties. 

There has recently been developed a new Ziegler type catalyst for olefin polymerization comprising a zir- 
conium compound and an aluminoxane. For example, processes for the preparation of ethylene/a-olef In co- 
polymers using this new Ziegler type catalyst have been proposed in Japanese Patent Provisional Publications, 
No. 58(1983)-19309. No. 60(1985)-35005, No. 60(198S)-35006. No. 6G(1985)-35007, No. 60(1985)-35008, 
etc. 

The catalysts composed of a transition metal compound and 8n aluminoxane proposed In the prior art are 
excellent In polymerization activities, especially ethylene polymerization activities, as compared with catalysts 
having been known prior to the appearance of these catalysts which are composed of a transition metal com- 
pound and an organoaiuminum compound. However, most of the catalysts are soluble in the reaction system, 
and in most cases the processes for the preparation are limited to a solution polymerization system. In addition! 
the catalysts have such a problem that, when the manufacture of a polymer having a high molecular weight is 
tried, the productivity of a polymer is lowered due to a marked Increase in the viscosity of the polymer-containing 
solution. 

On the other hand, polymerization of olefin has been tried In a suspension polymerization system or a gas 
phase polymerization system by using catalysts in which at least one of the transition metal compound com- 
ponent and the aluminoxane component described above Is supported on a porous Inorganic oxide carrier such 
as silica, alumina and silica -alumina. 

For example, the aforementioned Japanese Patent Provisional Publications No. 80{1985>35006, No. 
60(1985}-35007 and No. 60(1 985)- 35008 disclose that there can be used catalysts In which a transition metal 
compound and an aluminoxane are supported on silica, alumina, silica-alumina, etc. 

Further, the above publications and Japanese Patent Provisional Publications No. 61(1986}-130314 and 
No. 2(1 990J-41 303 disclose that a catalyst system in which a metallocene compound of a transition metal com- 
pound having, as a fig and, a pentadienyt group (e.g., cydopentadienyt group), an alkyi group and/or a halogen 
atom Is combined with aluminoxane has a high activity for olefin polymerization and can produce a polymer of 
excellent properties. 

Furthermore, Japanese Patent Provisional Publications No. 60(1 985)-1 08808 and No. 60(1985}>10$809 
disclose a process for the preparation of a composition composed of an ethylene polymer and a filler. This proc- 
ess comprises polymerizing ethylene or copoiymerizlng ethylene and a-olef in In the presence of an organoa- 
iuminum compound and a filler having an affinity for polyolefin, and a product prepared by pre-contacting a 
highly activated catalyst component containing a hydrocarbon-soluble titanium compound and/or a zirconium 
compound with a filler. 

Japanese Patent Provisional publication No. 61(1986)-31404 discloses a process for polymerizing ethy- 
lene or copolymerizing ethylene and a-olef in In the presence of a mixed catalyst composed of a transition metal 
compound and a product obtained by a reaction of trialkylaluminum and water In the presence of silicon dioxide 
or aluminum oxide. 

Furthermore, Japanese Patent Provisional Publications No. 61(1 988)- 108610 and No. 61(1986)-296008 
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discloses a process for polymerizing olefin In the presence of a catalyst in which a transition metal compound 
such as metallocene and an aluminoxane are supported on a carrier such as an inorganic oxide. 

However, in the case of polymerizing or co polymerizing olefin in a suspension or gas phase using such a 
solid catalyst component supported on a carrier as described In the above-mentioned publications, the poly- 
5 merization activities are markedly lower as compared with the above-described solution polymerization. 

In "Journal of OrganometaJlic chemistry*, 363 (1989), C12 to C14 are disclosed CpjZitCFjSOakfTHF) and 
[CpjZrtCFjSOaJfblpyjrCFjSOj-, but these two compounds are lower in olefin polymerization activities as com- 
pared with the above-mentioned cyclopentadienyl compound. Moreover, they show markedly tow olefin poly- 
merization activities when a concentration of aluminoxane is low. 
10 Under these circumstances, earnestly desired is a novel transition metal compound capable of being a cat- 
alyst component for olefin polymerization which shows high activities for olefin polymerization and produces 
an olefin polymer having excellent properties. 

OBJECT OF THE INVENTION 

1S 

The present Invention Is intended to solve such problems associated with the prior art technique as de- 
scribed above, and an object of the invention is to provide a catalyst for olefin polymerization capable of pro- 
ducing an olefin polymer of excellent partide properties with high polymerization activities and also capable 
of producing a copolymer having a narrow composition distribution when monomers of two or more kinds are 
20 copotymerized. 

A second object of the invention is to provide e process for polymerizing olefin using the above-mentioned 
catalyst having excellent properties. 

A third object of the invention is to provide a novel transition metal compound preferably used as a com- 
ponent of the above-mentioned catalyst for olefin polymerization. 

25 

SUMMARY OF THE INVENTION 

The first catalyst for olefin polymerization according to the Invention comprises [A] a catalyst component 
of a transition metal compound having a transition metal atom in Group IVB of the periodic table, a ligand con- 

so tainlng a -SOjR group wherein R Is an alkyt group, an alkyl group substituted with a halogen atom, an aryi group 
or an aryl group substituted with a halogen atom or an alkyl group, and a ligand having a cydopentadlenyt skel- 
eton, and [B] an organoalumlnum oxy-compound. 

The second catalyst for olefin polymerization according to the Invention comprises the component [A], the 
compound [B] and an organoalumlnum compound [C]. 

35 The third catalyst for olefin polymerization according to the Invention comprises a particulate carrier, the 
component [A] and the compound [B], said component [A] and said compound [B] being supported on the par- 
ticulate carrier. 

The fourth catalyst for olefin polymerization according to the invention comprises a solid catalyst compo- 
nent and the compound [CI wherein the solid catalyst component comprises a particulate carrier, the compo- 
40 nent [A] and the compound [B], said component [A] and said compound [B] being supported on the particulate 
carrier. 

The fifth catalyst for olefin polymerization according to the Invention comprises a particulate carrier, the 
component [AJ, the compound IB) and an olefin polymer prepared by prepdymerization. 

The sixth catalyst for olefin polymerization according to the invention comprises a particulate carrier, the 
45 component [A], the compound [B], the compound [C] and an olefin polymer prepared by pre polymerization. 

The process for the polymerization of olefin according to the Invention comprises polymerizing or co poly- 
merizing olefin In the presence of the above-mentioned catalyst for olefin polymerization. 

The novel transition metal compound according to the invention is represented by the following formula: 

Cpl S0 3 R 

\ / 
M 

/ \ 

31 Cp* X 

wherein M is a transition metal in Group IVB of the periodic table, each of Cp 1 and Cp 2 is a group having a 
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cyclopentadienyl skeleton, said group having a cydopentadlenyt skeleton may have a substituent group, Cp 1 
and Cp 2 may be linked to each other through ass atkylene group, a substituted alkylene group, a sflylene group 
or a substituted silytene group, R is an aJkyl group, an atkyl group substituted with a halogen atom, an aryt group 
or an aryl group substituted with a halogen atom or an alkyt group, X is S0 3 R, a halogen atom, R, OR, NR ni 
5 S(0) Q R, SiRs or P(0)JR* n Is 1 , 2 or 3, and q is 0, 1 or 2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 3 Illustrate steps of a process for the preparation of the catalyst for olefin polymerization according 
io to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The catalyst for olefin polymerization, the process for the polymerization of olefin using the catalyst and 
15 the novel transition metal compound, according to the invention, are described below in detail. 

In the Invention, the meaning of the term ><ymerization' may Include not only homopotymerization but 
also copolymerization, and the meaning of the term "polymer" may Include not only homopdymer but also co- 
polymer. 

The first and second catalysts for olefin polymerization according to the invention are illustrated below. 

20 The catalyst component [A] used for the first and second catalysts for olefin polymerization according to 
the Invention is a compound of a transition metal In Group (VB of the periodic table which contains a ligand 
containing a -SOjR group wherein R is an alkyl group, an alkyt group substituted with a halogen atom, an aryl 
group or an aryl group substituted with a halogen atom or an alkyl group, and a Pgand having a cyclopentadienyt 
skeleton. In concrete, the catalyst component [A] b for example a transition metal compound represented by 

25 the following formula [fl. 

RifcRV*gtf<SO,R4) 01 
In the formula 01 M la a transition metal b Group IVB of the periodic table, R 1 is a group having a cyclo- 
pentadienyt skeleton, end this group having a cyclopentadienyl skeleton may have a substituent group. Each 
of R 2 and R*lsa group having a cyclopentadienyl skeleton (may have a substituent group), SO3R 4 , a halogen 
3D atom. R 4 . OR 4 , NR 4 ft , S(0),R*, SiR 4 3 or 9(0)^ wherein R* is an alkyl group, an alkyl group substituted with 
a halogen atom, an aryl group or an aryl group substituted with a halogen atom or an alkyl group. Two of R', 
R 2 and R* may be linked to each other through an aftytene group, a substituted alkylene group, a sBylene group 
or a substituted silytene group, k Is a number satisfying the conditions of k £ 1 and k-H+m = 3, n Is 1, 2 or 3, 
and q Is 0, 1 or 2. 

35 In the formula PI. M b a transition metal in Group (VB of the periodic table, and preferably M is zirconium, 
titanium or hafnium 

Examples of the groups having a cydopentaoTenyf skeleton Include cyclopentadienyt group; alkyt-substt- 
tuted cyclopentadienyl group such as rnethylcydopentadfenyl group, ethylcydopentadienyl group, n-butytcy- 
dopentadlenyi group, dlmethytcydo pentad lerryl group, trimethylcydopentadienyl group and pentamethytcydo- 
40 pentadienyl group; Indenyi group; and fluorenyi group. 

Of these, preferred are alkyt-substituted cydopentadlenyt group and Indenyi group. 
Examples of the alkylene groups Indude ethylene group and propylene group, examples of the substituted 
alkylene groups indude Isopropylldene group and diphenytrnethyiene group, and an example of the substituted 
sflylene group Is dimethylsilylena group. Further examples of the alkyl groups Indude methyl group, ethyl 
45 group, propyl group, isopropyi group and butyl group, and examples of the aryt groups Indude phenyl group 
and tolyi group. Halogen is fluorine, chlorine, bromine or iodine. 

Concrete examples of the transition metal compounds represented by the formula [I] are given below. 
Bis(cydopentadieny1)-zirconfum (rV)-bis(methanesutfonate) t 
. : 8is{cydopentadienyt}-zlrconlum (l\^ 
so Bls(cydopentadienyl)-zirconlum (IV>bls(6rffluoromethanesulfonate), 

8is(cydopentadienyl)-zIrcontum (IV^bisfbenzenesulfonate), 
Bls(cydopentadieny1>-zIrconium (l\^bis(2;4^6-trin^ethylbenzenesulfonate), 
Bis(cyclopentadienyl>-zirconium (IV)-bis(2,4,6-triisopropylb8nzeneaulfonate) ( 
Bia(cydopentadienyt)-zirconlum (lv>bls(perttafluorobenzenesutfonate) ( 
55 Bis(cyctopentadlenyl)-zirconium (l\0-(benzenesutfonate) monochloride, 

Bls(cyclopentadienyt>-zirconium (IV)-(2.4^-trimethylbenzenesulfonate) monochloride, 
Bis(cyclopentadlenyl)-zirconium (IV^(2AB-trHsopropylbenzenesuIfonate) monochloride, 
Bis(cyclopentadiertyt)-zirconium (Iv>(pentafluorob8nzenesulfonate) monochloride, 
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Bis{cyclopentadi8nyl)-2lrconium (IV)-(etoxy) (trifluoromethanesutfonate), 
Bis{methylcyclopentadienyl)-rirconlum (IVJ-bisttrtflucromelhanafiulfbnate), 
Bis(metfiylcyciopentadieny1)~2ircontum (1V)-triffuoromethanesu!fonate rnonochioride, 
Bts(1,3-dimethytcydopentadfeny!>-zifconfum (IV^bisCtrifluaramethanesulfonate), 
Bis(1.3-dimelhytcydopentadianyl)-2irconium (IVH^uoromethanesulfonate) rnonochioride, 
Bls(1 ( 3-dlmethy)cydopentadieny)>- zirconium (IVJ-blsfbanzenesulfonate), 
Bis(1 >dimethytcydopentadienyi>-zirconfum (IV)-bts(p-toluenesulfonate), 
Bis(1 ,3-dlmBthylcydopentadienyl)-zirconkjm (IV)-bis(2 ( 4 ( e-trim8thylbenzenesutfonatfl), 
Bts(1 ,3^tmethy1c^dapentadienyt)-ziroonium (JV)-bls(2 t 4 t 6-trii5opropylbenzenesutfonate), 
Bis(1 ,3-dlmethylcydopentadienyf)-zJrconhim (IV)-bis(pentafluorobenzenesuffonate), 
Bis{1>dimethylcydopentadiBnyl)-2ln5onium (IVMbenzenesulfonate) rnonochioride, 
Bis(1>dim8thylc^opentadienyl>-zirconhjm (IV)-(2 t 4,6-trim8thy!ben2en8suffbnatB) monochloride, 
Bls(1 >dimethylcydopenladienyl>.2ifconium (IV)-(2.4 ( 6-lriisopropylbenzene3ulfonate) monochloride, 
Bis(1 >dimethy!cydopentadienyl>-zjrconhjm (IVHpentaf luorobenzenesulfbnata) monocWoride. 
Bls{1 ,3-dimethylcydopenladienyl)-zifconium (IV^(lrinuorornemanesulfonate)dlmethylamlde ( 
Bis(1 ( 3,5-trimethylcydopentadieny1>-zifcon[um (IV>bls{tnf luoromettianesulfonate), 
Bis(1,3 ( 5-trimethylcydopentadianyl)-zirconIurn {IV)-trifluoromethanesulfonate monochloride, 
Ethylenebis(indenyl)-zIrconhjm <IV)-bis(trtfluorometrianesutfonate) t 
Ethylenebis(indeny1>-zirconium ((V)-bi8(methanesulfbrtate), 
Ethyl enebis(indenyl)- zircon rum (IV)-bt3(p-totuenesutfonate), 
Ethylenebis(indeny1)-zirconiurn (IV)-bis(p-chlorobenzenesulfonate), 
Ethylenebis(indenyt)-zirconium (IVHrifluoromethanesuifonate monochloride, 
Ethylenebls(indenyI)-zirconkjm (IV)-trifluQromethanesulfonate monobromide, 
Ethyleneb)s(indenyt)-zirconhim (IV)-trif1uorom8thanesu!fon8te monofluoride, 
Emylenebis(lndenyt)-zJrconlum (IV>-brffluoromethanesulfonate monolodide, 
Ethyienebls(lndenyi>-zirconhjm (IV)-meUianesutfonate monochloride, 
Ethy(enebts(Indenyl)-zircontum (IV>-p-tduenesulfonate monochloride, 
Ettiylenebls(indenyi)-zirconium (IV)^bifluorornethanesulfonata)rnethyl f 
Etnyienebls(lndenyi)- zirconium (IVHmethanesulfonateJmetny), 
Ethylenebis(indenyi>-zJrconlurn (IVXtrtfluofomethanasuIfonateJphenyi, 
Ethylenebi3(indeny!>-zirconlum (IVHmethanesulfonate)phenyt, 
Ethylenebts(lndenyi)-zircon!um (IV)-(tn7Iuoromethanasutfonata)methoxy ( 
Ethyienebia(indenyt)-zircontum (IVHmethanesulfonate)methoxy, 
Ewyienebis(tndenyl)-zircontum (IVHtnfluoromethaneeutfonatejd^ 
Ethytenebis(Indenyt)-zIrcontum (IV>-<methanesu!fonate)dimethyiamfde, 
Ethylenebts(lndenyl)-zIrconlum (^trtnuoromelhanesurTonateJmethylmercapto, 
Ethylenebls(fndeny1)~zrrconrum (IVH^^esulfonatejmethyfmercapto, 
Ethyienebls(indeny1)-zlrconIum (IVHtn1hioromethanesulfonate)thiophenyf t 
Ethyteneb1s(indenyi)-zlrconlum (IVHmelhanesu!fonata)thlophenyt, 
Ethyienebis(indeny1)-zirconrum (IVHtrrTluoromethanesurfonateJmethytsulfbne, 
Ethylenebls(lndenyt)-zirconhjm (IV>-{methanesulfonate)methy1sulfone, 
Emytenebis(tndenyt)-zirconfum (rVHtrinuoromethanesurfonate)methylsulfoxida, 
Ethyienebls(indeny1)-zfrconium (IVHmethanesulfonate)methylsuIfoxIde, 
Eth^enebte(lndenyl)-zirconium (IVHtrifluoromethanesutfonataJtrlmehylsilyt, 
Ethy1enebis(tndeny1)-zirconfum (fVHrriethanesuifonateJlrtmethyfsnyt, 
Ethytenebts(lndenyt)-zirconIum (IVHtrffluorc^tranesulfonate)^^ 
Ethylenebis(lndeny1)-zirconium (IVHmelhanasulfonateJtiimetrryiphosphine, 
Ethylenebl6(indenyi)-zirconfum (I\0-(t^i^n^thaneaurfonate)triphenyipho8phine, 
; Ethyianabis(indenyi)-z]rconIum {^^othanasulfonate)oiphanytpho3phIne, 
Ethyt0nebi8(indenyfVzirconfum (IVVblsfb^oromathanesulfortate), 
Ethylenebis(indenyf>- zirconium (IV)-bis(benzenesuffonate), 
Ethylenebis(Ifidenyl)-zifconhjm (IV)-bls(2 t 4.6-trirnethylbenzenesijlfonate) ( 
Ethyfenebis(lndenyt>-zircontum (IV)-bi3{2,4 t 6-triisopropylbenzenesu!fonat9) ( 
Ethy)enabls(indenyt)-zirconIum (IV)-bts(pantafluorobenzene6u(fonat8), 
Ethylenabis(indenyl)-zirconhjm (IVMbenzenesulfonate) monochloride, 
Ethylenebis(indenyi>-zlrconium (IVH2,4 t 6-tr{rnathyibenzene&ulfonate) monochloride, 
Ethylenebl8(indenyi)-zfrconium (IVH2A6»triisopropylbenrene8ulfonate) monochloride, 
Ethyienebls(indenyi)-zJrconlum (iVHpentafluorobanzenesuIfonate) monochloride. 
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Ethytenebis(indenyl)- hafnium (IV)-bls(trifluorornethanesulfonate), 
Ethytenebis(indeny1)-hatniunri (IV)-bis(methanesulfonate), 
Ethylenebis(indenyf)-hamtum (IV)-bis(p-toluenesutfonate), 
Ethylenebts(indenyi)-hafniurn (IV)-bi3(p-chlorobenzenesutfonate), 
Etfiy1enebis(indeny1>-hafnium (fV>-trifluoromethanesulfonate monochloride, 
Ethytenebts(indenyt)-hafhium (IVJ-trfftuoromethanesulfonate monobromide, 
Ethylenebis(indeny1)-hafnhjm ((V)-tnYtuoromethanesutranate monofluoride, 
Ethytenebis(indeny1)-hafnium <IV)-trifluoromethanesuIfonate monoiodide, 
Ethylenebis(indenyt)-hafhium (tV>-methanesu!fonate monochloride, 
Ethy1eneb(s(Indeny1)-hafnium (IV)-p-toluenesulFonate monochloride, 
ElhylenGbis{indeny1)-titanium (IV)-bis(trifluoromethanesurfonate), 
Ethylenebis(indenyi)-titanlum (IV)-bis(methanesuIfonate), 
Ethytenebis(tndenyi)-tltanium (IV)-bis(p-toIuenesu)fbnate), 
Ethylenebis(indenyi)-titanium (IV)-bts(p-ch}orobenzenesulfonate) t 
Ethyienebis(indenyl)-Utanlum (IVytrifluaromethanesulfonate monochloride, 
Ethyienebis(indeny1Hitanium (IVMrifluoromethanesulfonate monobromide, 
Ethyl enebis(indeny1)-Utanium (IV)-trifluorornethariesu1fonate monofluoride, 
Ethyl enebls(lndenyl)-titamum (IV)-trifluaramethanesulfonate monoiodide, 
Ethytenebis(indenyl)-tltanium (IV>methanesulfonate monochloride, 
Ethyienebl3(indenyi>-tttanium (lv>p-toluenesulfonate monochloride, 
Dimethy1sitytbls(lndeny1)-z!rconium (IV)-bis(trifluoromethanesu]fonate), 
Dimethylsnylbis(indenyl)-zirconium <l\^bls(methanesulfbnate), 
Dimethy1sirylbis(lndenyl)-zirconiLim (INO-bisfp-tduenesulfonate), 
DuTiethylsilytbIs(indenyl)-zIrconium (IV>-bls{p-chIorobenzenesulfonate), 
DfmethylsIrylbis(indenyl>-zirconIum (IV)-trrfluoromfithanesulfonate monochloride, 
Dfmathyl3nytbls(indenyt>-zIrconium (IVJ-trifluoromethanesutfonata monobromide, 
Dimethy<sityfbte(]ndenyl)-zJrconIum (IV^trifluoromethanesuIfonate monofluoride, 
DimethylsnyIbis(lndenyt)-zlrconlum (IV)-trlftuoromethane3Ulfonate monoiodide, 
Dlmemylsirytbis0ndenyl}-zirconium (lV>methanesulfonate monochloride, 
Dlmethyl8irytbis(lndenyl>-zIrconium {IV)-p-toluenesulfonate monochloride, 
Dlmethyl9irylbis(indenyl)-zircon!um (IV)-bis(benzenesurfonate), 
Dimethylsnylbis(tndenyl)-zlrcontum (IV)-bi3(2 ( 4,6-trimethylbenzenesulfonate), 
Dlmem^s!)ylbls(lndenyl>-2irconium (IV^bls(2,4,$.trflsopropylbenzenesulfonate), 
Dimemytstty1bis(lndeny1)-zIrconium (IV^bls(pentafluorobenzenesulfonate), 
DlmethytsnyIb!s(1ndenyl>-zIrconIum (IV)-(benzenesulf6nate) monochloride, 
01methytsnyibls(indenyl)-zirconium (I\^(2 t 4,6-trim8thylbenzenesulfbnate) monochloride, 
Dimemylsilylbb(Indenyl)-zlrcon(um {l>0-(2,4,6-trilsopropy!benzenesulfbnatB) monochloride, 
DimethytsiTytbi3(indenyl)-ztrconhjm (IV}-(pentafluorobanzene3uJfonate) monochloride, 
Dlphenytmetriylenebls(lndenyi>-2ircon!um (IV)-bIs{trinuoromethanesulfonate) t 
Diphenylmethytenebis(lndeny1)-zirconIum (IV)-bis(methanesutfbnate), 
DIphenyimethylenebisflndenytJ-zirconlum {IV>bis(p-toluene8ulfonate) ( 
Dtphenylmethylenebts(lndenyl)-zfrconlum (IV)-b[s(p-chlorobenzene8ulfonat6), 
Dlphenylmathytenebl3(lndenyi)-zIrconlum (IV)-trifluoromethane8ulfonate monochloride, 
Oipheny1metr»y1enebis(indenyi)-zlrconlum (IV)-trifluoromethanssulfonate monobromide, 
Oiphenytmethylenebls(lndenyt)-zlrcon{um (IV^Irifluoromethanesutfbnate monofluoride, 
0!phenyimethy1eneb[s(indenyl)-zirconrum (IV^tnYluoromethanesuffonate monoiodide, 
Dipheny1methy1enebis(indenyi)-2JrconIum (IV)-methanesu!fonate monochloride. 
DIphenylmethyienebis(indeny1}-zirconium (IV^p-tduenesiirfonate monochloride, 
; Dlphen^s0y1bls(lndenyl)-zirconIurn(IV>bis(benzenesuJfonate) ( 
Diphenylsflylbis(&idanyl)-zlrconhim0^ 

Diphenyl8lly1bis(indenyl)-zfrconKjm (INO-bls^AS-trQsopropylbenzenesulfdnate), 
DiphenylsilylbIs({ndeny1)-zirconlum (IV)-bis(pentafluQroberizenesuifQnate), 
Diphenyl8i]ytbis(tndenyl)-rirconium (IV)-(benzenesulfdnate) monochloride, 
Diphenyisily1bis(tndenyl)-zircon!um (l\^(2,4,6-trimethylbenzene8u1tbnate) monochloride, 
Diphenytsilylbis(lndeny1)-zJrconium (IV>(2.4,6-trflsopropylbenzenesuJfonate) monochloride, and 
DiphenyIsilylbis(indenyl)-zirconIum (IVMpentafluorobanzenesulfonate) monochloride. 
Such transition metal compounds can be prepared from a compound represented by the following formula 
[II] and a sulfonic arid derivative represented by the following formula [HI]. 
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RWR' ffl MX pi) 

In the formula pi], M is a transition metal in Group IVB of the periodic table, R 1 is a group having a cydo- 
pentadienyt skeleton, and this group having a cydopentadienyt skeleton may have a substituent group. Each 
of R 2 and R* is a group having a cydopentadienyt skeleton (may have a substituent group), SOjR 4 , a halogen 
atom, R 4 , OR 4 , NR^n, S(0) q R 4 , SIR 4 ) or P(0) q R 4 3 . wherein R 4 is an alkyi group, an alkyl group substituted with 
a halogen atom or an alkyl group, an aryl group or an aryl group substituted with a halogen atom or an alkyl 
group. Two of R\ R 3 and R 3 may be linked to each other through an alkytene group, a substituted alkytene 
group, a sitytene group or a substituted stlyiene group, k is a number satisfying the conditions of k 3 1 and k+l+m 
= 3, n is 1, 2 or 3. and q is 0, 1 or 2. X is halogen. 

R 4 SO,Y [HI] 

In the formula pif]. R 4 Is an alkyl group, an alkyl group substituted with a halogen atom, an aryl group, or 
an aryl group substituted with a halogen atom or an alkyl group. Y is an Ag, alkali metal (e.g., Na and K) or an 
ammonium group (e.g., Triethyl ammonium and tri(n-octyl)ammonium). 

The preparation of the transition metal compounds from the compound represented by the formula pi) and 
the sulfonic acid derivative represented by the formula [III] Is carried out in accordance with the following re- 
action formula. 

RWR'mMX ♦ R 4 SOjY -» RVR^R'^SOjR 4 ) 

The reaction conditions in this reaction varies depending upon the composition of the aimed compound p], 
but the compound fill] Is generally used in an amount of 1-10 times by mot, preferably 1-3 times by mole, of 
the amount of the compound pi]- Th e reaction temperature is generally In the range of -20 to 180 °C, preferably 
0 to 130 °C, and the reaction period is generally in the range of 0.5 to 48 hours, preferably 2 to 12 hours. 

Suitable solvents used In this reaction include aliphatic hydrocarbons such as hexane and decane; aro- 
matic hydrocarbons such as benzene, toluene and xylene; halogenated hydrocarbons such as carbon tetra- 
chloride, chloroform and methylene chloride; and ketones such as acetone and methyl tsobutyl ketone; and 
acetonitnle. Of these, toluene and xylene are particularly preferred. Such hydrocarbon solvent as mentioned 
above is used generally in an amount of 1-1,000 times, preferably 60-500 times, of the amount of the compound 
PH. 

The catalyst component [B] used In the invention may be alumlnoxane hitherto known or such benzene* 
insoluble organoalumlnum oxy compounds. 

The known alumlnoxane may be prepared, for example, by the following methods. 

(1) A method wherein suspensions of compounds containing adsorbed water or salts containing water of 
crystallization, for example, magneslumchloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, 
nickel sulfate hydrate and ceriun (I) chloride hydrate, in hydrocarbon solvents are allowed to react with an 
organoalumlnum compound such as trial kyi aluminum, and the desired afuminoxane is recovered as a hy- 
drocarbon solution containing the same. 

(2) A method wherein an organoalumlnum compound such as trlalkytalumlnum ts treated directly with water, 
Ice or water vapor In such solvent as benzene, toluene, ethyl ether or tetrahydrofuran, and the desired alu- 
mlnoxane Is recovered as a hydrocarbon solution containing the same. 

(3) A method wherein an organoatuminum compound such as trlalkytalumlnum Is allowed to react with an 
organotin oxide In a solvent such as decane, benzene or toluene. 

The alumlnoxane as Illustrated above may contain small amounts of organometallic components. From the 
above-mentioned solution containing alumlnoxane as recovered, the solvent or unaltered organoalumlnum 
compound is removed by distillation, and the remaining alumlnoxane may dissolved again In a solvent 

The organoalumlnum compound used in preparing the above-mentioned solution of alumlnoxane Includes 
concretely 

trialkylaluminum such as trimethylaluminum, triethylaluminum, tripropytalmlnum, trusopropylatuminum, 
tri-n-butyi aluminum, triisobutylaluminum, tri-sec-butylalumlnum. tri-tert-butyiaJuminum, tripentytalumtnum, tri- 
hexylalumlnum, trioctytaluminum, tridecyl aluminum, 

; tricycloatkylaluminum such as tricydohexylaluminum or bicydooctylaluminum; 
dlalkyl aluminum halide such as dimethylaluminum chloride, diethylalumlnum chloride, diethylalumlnum 
bromide or diisobutyl aluminum chloride; 

dialkylaluminum hydride such as diethylalumlnum hydride or diisoburytalumlnum hydride; 
dlalkytaluminum alkoxlde such as dimethylaluminum methoxide or diethylalumlnum ethoxide; and 
dialkylaluminum aryloxide such as diethylalumlnum phenoxlde. 
Of these solvents as exemplified above, particularly preferred Is trialkylaluminum. 
Furthermore, there may also be used as the organoalumlnum compound Isoprenytatuminum represented 
by the general formula 

(W^rW^C^ PV) 
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wherein x, y and z are each a positive number, and z s 2x. 

The organoaluminum compounds mentioned above may be used either singly or in combination. 
Solvents used in the solutions of aluminoxane include aromatic hydrocarbons such as benzene, toluene, 
xylene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane, do- 
5 decane, hexadecane and octadecane; alicydic hydrocarbons such as cydopentane, cydohexsne, cydooctane 
and methylcydopentane; petroleum fractions such as gasoline, kerosene and gas oil; or hatoganated hydro- 
carbons such as haiides, particularly chloride and bromides, of the above-mentioned aromatic, aliphatic and 
aticydic hydrocarbons. In addition thereto, there may also be used ethers other than ethyl ether and tetrahy- 
drofuran. Of these solvents as exemplified above, particularly preferred are aromatic hydrocarbons. 
10 The benzene-insoluble organoaluminum oxy-compound may be obtained by a process comprising bringing 
a solution of an aluminoxane into contact with water or an active hydrogen containing-compound or a process 
comprising bringing such an organoaluminum as described above into contact with water, directly. 

In the first process for obtaining the benzene-insduble organoaluminum oxy compound, the solution of the 
aluminoxane is brought Into contact with water or the active hydrogen containing-compound. 
is Examples of the active hydrogen-containing compound Indude 

alcohols such as methanol, ethano/, n-propanol and teopropanol; 
dlols such as ethylene glycol and hydroquinone; and 
organic acids such as acetic acid and propionic acid. 
Of these compounds, preferred are alcohols and diets, and partfculaly preferred are alcohols. 
20 Water or the active hydrogen containing compound with which the solution of an aluminoxane is brought 
into contact may be used as a solution or a dispersions fn a hydrocarbon solvent such as benzene, toluene 
and hexane, in an ether solvent such as tetrahydrofuran or in an amine solvent such as triethytamine, or may 
be used in the form of vapor or solid. The water with which the solution of an aluminoxane is brought into contact 
may be water of crystallization of a salt such as magnesium chloride, magnesium sulfate, aluminum sulfate, 
25 copper sulfate, nickel sulfate, Iron sulfate and cerous chloride, or adsorbed water adsorbed to an Inorganic com- 
pound such as silica, alumina and aluminum hydroxide or a polymer. 

Reaction of an aluminoxane in a solution with water or an active hydrogen-containing compound is carried 
out usually In a solvent. 

The solvent Includes the solvents described above, for example, the hydrocarbon solvents such as aro- 
30 made hydrocarbons; aliphatic hydrocarbons and aticydic hydrocarbons, petroleum fractions, halogenated hy- 
drocarbons end ethers. Of these solvents as exemplified above, particularly preferred are aromatic hydrocar- 
bons. 

In the reaction as mentioned above, water or the active hydrogen-containing compound Is used in an 
amount of 0.1-5 mdes, preferably 0.2-3 moles based on 1 gram atom of Al present in the solution of an aluml- 
35 noxane. The concentration In terms of aluminum atom In the reaction system is normally 1 x 10^-5 gram atom/1, 
preferably 1 x 10~ 2 - 3 gram atom/], and the concentration of water in the reaction system is normally 2 x 
10-« - 5 mol/l. preferably 2 x 10-» - 3 mol/l* 

The solution of an aluminoxane may be brought into contact with water or the active hydrogen-containing 
compound, for example, by the following procedures. 
40 (1) A procedure which comprises bringing the solution of an aluminoxane into contact with a hydrocarbon 
solvent containing water or the active hydrogen-containing compound. 

(2) A procedure which comprises blowing steam or the vapor of the active hydrogen-containing compound 
Into the solution of an al uminoxane, thereby bringing the aluminoxane Into contact with the steam or vapor. 

(3) A procedure which comprises bringing the solution of an aluminoxane into contact directly with water, 
45 ice or the active hydrogen-containing compound. 

(4) A procedure which comprises mixing the solution of an aluminoxane with a suspension of an adsorbed 
water-containing compound or a water of aystallizatton-contalning compound in hydrocarbon, or with a 
suspension of a compound, to which the active hydrogen-containing compound is adsorbed, In hydrocar- 

. bon, thereby bringing the aluminoxane into contad with the adsorbed water or water of crystallization. 
bo * The solution of an aluminoxane may contain other components so long as they do not exert adverse effects 
on the reaction of the aluminoxane with water or the active hydrogen-containing compound. 

The above-mentioned reaction of an aluminoxane in a solution with water or the active hydrogen-containing 
compound is carried out at a temperature of usually -50 to 150°C, preferably 0 to 120°C, more preferably 20 
to 1 00°C. The reaction time employed is usually 0.5 to 300 hours, preferably about 1 to 1 50 hours, though said 
55 reaction time varies largely depending upon the reaction temperature used. 

In the second process for obtaining the benzene insoluble organoaluminum oxy-compound, such an or- 
ganoaluminum as described above is brought Into contad with water directly. 

In this case, water is used in such an amount that the organoaluminum atoms dissolved In the reaction 
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system are not greater than 20 %. based on the total organoaluminum atoms. 

Water with which the organoaluminum compound ts brought into contact may be used as a solution or dis- 
persion in a hydrocarbon solvent such as benzene, toluene and hexane, an ether solvent such as tetrahydro- 
furan or an amine solvent such as triethytamine, or may be used in the form of steam or ice. The water with 
5 which the organoaluminum compound is brought into contact may be water of crystallization of a salt such as 
magnesium chloride, magnesium sulfate, aluminum sulfate, copper sulfate, nickel sulfate, iron sulfate and cer- 
ous chloride, or adsorbed water adsorbed to an inorganic compound such as silica, alumina and aluminum hy- 
droxide or a polymer. 

Reaction of the organoaluminum compound with water is carried out usually in a solvent, for example, hy- 
10 drocarbon solvents or halogenated hydrocarbon solvents described above. Of these solvents, particularly pre- 
ferred is aromatic hydrocarbons. 

The concentration of the organoaluminum compound in the reaction system in terms of aluminum atom is 
desirably 1 X 10- 3 - 5 gram atom/I, preferably 1 X 10" 2 - 3 gram atom/], and the concentration of water in the 
reaction system is desirably 1 X 1(H - 5 mol/l, preferably 1 X 10~ 2 - 3 mot/I. In the reaction mentioned above, 
is the organoaluminum atoms dissolved In the reaction system are not greater than 20 %, preferably not greater 
than 10 %, more preferably 0 to 5 % based on the total organoaluminum atoms. 

The organoaluminum compound may be brought into contact with water, for example, by the following pro- 
cedures. 

(1) A procedure which comprises bringing the hydrocarbon solution of the organoaluminum into contact 
20 with a hydrocarbon solvent containing water. 

(2) A procedure which comprises blowing steam into the hydrocarbon solution of the organoaluminum, etc., 
Thereby bringing the organoaluminum Into contact wfth the steam. 

(3) A procedure which comprises mixing the hydrocarbon solution of the organoaluminum with a suspension 
of an adsorbed water-containing compound or a water of crystallization-containing compound In hydrocar* 

25 bon, thereby bringing the organoaluminum into contact with the adsorbed water or water of crystallization. 

(4) A procedure which comprises bringing the hydrocarbon solution of the organoaluminum into contact 
directly with ice. 

The hydrocarbon solution of the organoaluminum as described above may contain other components so 
long as they do not exert adverse effects on the reaction of the organoaluminum with water. 
30 The above-mentioned reaction of the organoaluminum with water is carried out at a temperature of usually 
-1 00 to 150 4 C, preferably -70 to 100 °C, more preferably at -50 to 80°C. The reaction time employed ts usually 
1 to 200 hours, preferably 2 to 100 hours, though the reaction time varies largely depending upon the reaction 
temperature. 

The benzene-Insoluble organoaluminum oxy-compounds used in the Invention contain an Al component 
35 soluble In benzene at 60°C tn an amount of not greater than 1 0%, preferably not greater than 5%, particularly 
preferably not greater than 2% in terms of Al atom, and they are insoluble or sparingly soluble In benzene. Sol- 
ubility in benzene of such organoaluminum oxy-compounds as mentioned above is obtained by suspending in 
100 ml of benzene the organoaluminum oxy-compound in an amount corresponding to 100 mg atoms In terms 
of Al mixing the resulting suspension at 60°C for 6 hours with stirring, f Dtering the resulting mixture with a G- 
40 5 glass f flter equipped with a jacket kept at 60°C, washing 4 times the solid portion separated on the filter with 
50 ml of benzene at 60°C, and measuring the amount (x mmole) of Al atoms present In the whole filtrate. 

When the benzene-Insoluble organoaluminum oxy-compounds as described above of the present Inven- 
tion are analyzed by Infrared spectrophotometry (IR), a ratio (D t2 9o^tz2o) of an absorb an ce (D t2eo ) at about 
1260 crrr 1 to an absorbance (D 122 q) at about 1220 crrr 1 is preferably not greater than 0.09, more preferably 
45 not greater than 0.08, particularly preferably In the range of 0.04 to 0.07. 

Infrared spectrophotometry analysis of the organoaluminum oxy-compounds is carried out In the following 
manner. 

First the organoaluminum oxy-compound is ground, together with nujol. in an agate mortar in a nitrogen 
box to form pasta Next, the paste-like sample thus obtained Is held between KBr plates, and IR spectrum ts 
so measured in a nitrogen atmosphere by means of IR-810 manufactured by Nippon Bunko K.K. From the thus 
obtained IR spectrum, a D 12 eo^>i22o ratio is sought, and a value of said ratio is obtained in the following manner. 

(a) A line connecting a maximum point at about 1280 crrr 1 and a maximum point at about 1240 crrr 1 is 
taken as a base line L t . 

(b) A transmittance (T %) of an absorption minimum point at about 1260 crrr 1 and a transmittance (T 0 %) 
55 of a point of intersection formed by a vertical line from said absorption minimum point to a wave number 

axis (abscissa) and said base line L t are read, and an absorbance (D iao *=log T(/T) is calculated. 

(c) similarly, a line connecting maximum points at about 1280 cnr 1 and at about 1180 crrr 1 is taken as a 
base line L 2 . 
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(d) A transmittance (T* %) of an absorption minimum point at about 1 220 cm-' and a transmittance (T 0 %) 
of a point of intersection formed by a vertical Una from said absorption minimum point to a wave number 
axis (abscissa) and said base line L 2 are read, and an absorbance (D 1220 =tog Typ) is calculated. 

(e) From these values as obtained above, a DiMo'Dmo ratio is calculated. 

The benzene-soluble organoaluminum oxy-compound has a D 1260 /D 122D value of about 0.10 to 0.13, and 
thus the benzene-insoluble organoaluminum oxy-compound of the present invention obviously differ from the 
known benzene-soluble organoaluminum oxy-compound on the value of D 12W /D tm . 

The benzene-insoluble organoaluminum oxy-compounds aa described above are presumed to have an at- 
kyloxyaJuminum unit represented by the formula [V] 

R5 
I 

<■ Al - O -) ... [V] 



In the above-mentioned alkyloxyatumimjm unit (i) represented by the formula [V] of the benzene-insoluble 
organoaluminum oxy-compounds used in the invention. R 5 includes hydorocarbon groups having 1-9 carbon 
atoms, for example, methyl, ethyl, n-propyl, Isopropyi, n-butyl, isobutyt, pentyl t hexyt. octyl, decyl, cydohexyl 
and cyclooctyl. Of these hydrocarbon groups exemplified above, preferred are methyl and ethyl, and particu- 
20 larly preferred is methyl. In the benzene-Insoluble organoaluminum oxy-compounds, one or more kinds of the 
above-mentioned alkytoxyaiumlnum units (I) represented by the above formula [V] may be contained. 

In addition to the alkytoxyatuminum unit of the formula [V], one or more kinds of an alkyloxyaluminum unit 
(H) represented by the following formula [VI] may be contained. 

25 



— <• Al - 0 ... [VI] 

30 

wherein R° is a hydrocarbon group of 10 to 12 carbon atoms, a alkoxy group of 1-12 carbon atoms, arytoxy 
group of 6-20 carbon atoms, hydroxyl group, halogen or hydrogen. 

In this case, the organoaluminum oxy-compounds desirably contain the eJkyloxyaJuminum unit (I) and the 
alkyfoxyaiuminum unit (it) so that the alkytoxyaiumlnum unit (i) Is in a proportion of not less than 30 mol%, pre- 
ss ferably not less than 50 mc!%, particularly preferably not less than 70 mol%. 

The catalyst component [C] used in the second catalyst of the present invention are represented by the 
formula: 

rVnAIXa.0 [VII] 

wherein R 7 is hydrocarbon of 1-12 carbon atoms, X is halogen or hydrogen, and n is 1-3. 
*fr . In the above-mentioned formula [VII], R 7 is hydrocarbon of 1 -12 carbon atoms, for example, alky!, cydoalkyt 
or aryl, including concretely methyl, ethyl, n-propyl, isopropyi, isobutyt, pentyl, hexyt, octyl, cydopentyl, cydo- 
hexyl, phenyl, totyl, eta 

The organoaluminum compounds of the formula R^AIX* n include, In concrete, such compounds as men- 
tioned below. 

45 Triaikylalumlnum such as trlmethylaJuminum, triethylatuminum, triisopropylalumlnum, trllsobutytaluminum, 
trio ctyl aluminum, tri-2-ethylhexylaIumInum, etc; 

alkenyialuminum such as isoprenylaluminum. etc; 

diaikytatuminum halldes such as dimethytalumlnum chloride, dlethytaJuminum chloride, dGsopropytalu- 
minum chloride, dlbobutyl aluminum chloride, dimethylaluminum bromide, etc; 
so alkylaluminum sesquihalldes such as methytalutmlnum sesqulehtorlde, ethylalumtnum sesqulchloride, 

tsopropyialumlnum sesquichlorlde, butylaJuminum sesqulchloride, etrrylalumlnum sesqulbromide, etc; 

alkylaluminum dihalldes such as methylalumlnum dlchloride, ethytalumlnum dichtoride, isopropylalum^ 
num dichtoride, ethylaluminum dibromtde, etc, and 

alkylaluminum hydride such as dlethytaJuminum hydride and dlisobutylaluminum hydride. 
55 As the catalyst component [C], there may also be used a compound represented by the following formula: 

RW„ [Viii] 

in the formula [Vlll] R 7 is as defined above, Y is -OR« -OSiR 8 * -OAIR ,0 2, -NR 11 * -SIR 1 ** or -N(R ts )AIR 14 2 . n 
is 1-2 and R 8 , R 9 , R 10 and R" are each methyl, ethyl, isopropyi, isobutyt, cydohexyl, phenyl, etc; 

10 



I 



EP 0 519 746 A1 



R" is hydrogen, methyl, ethyl, isopropyl, phenyl, trim ethyl sDyl, etc; and R 12 and R 13 are each methyl, ethyl, eta 
The organoaluminum compounds of the formula R T „AJY V ft [VIII] include, in concrete, such compounds as 
mentioned below. 

(0 compounds of the formula R 7 „AI(OR*)3. n such as dimethytaluminum methoxlde, diethylaluminum eth- 
5 oxide, dHsobutylalumlnum methoxlde, etc; 

(li) compounds of the formula R^AHOSiRy j. B such as (CjH^OSIfCHafc, flso-C^JaAIOSKCHj),, (iso- 
C^^OSKCaHfi)* etc; 

(ill) compounds of the formula R 7 „AI(OAIR«>2h- 0 such as (CaHsJaAIOAKCjHsh, (teo-C^gfeAIOAItfso- 
C 4 H„) 2i etc; 

10 (Iv) compounds of the formula R 7 «AI(NR 11 a)». n such as (CHjfeAINfCaHfifc, (CjHjJaAINHCH,, (CH 3 )j 
AINH(CjH5); (CjHfi^NtSKCHJjh. (Iso-C^^NfSifCHjJjk, etc; 

(v) compounds of the formula RVUfSiR*^ n such as (tso-C^^SKCHa^, etc; and 

(vi) compounds of the formula 

15 R 7 n Al(NAlRl4 2 ) 3 - n 

I 

20 such as 

Et2AlNAlEt2 
I 

Me 

25 

and 

( isO-Bu) 2A1NA1 (iso-Bu) 2 . 
I 

30 Et 

Of the organoaluminum compounds as exemplified In the fromulas (VII] and [VIII], preferred are those hav- 
ing the formulas 

R\AI, RV^KOR^r, and R 7 nAI(OAIR«2) >ft# and particularly preferred are those having the above- 
35 mentioned formulas In which R 7 Is Isoalkyl and n Is 2. These organoaluminum compounds may also be used 
In combination of two or more. 

In the invention, water may be used as a catalyst component in addition to the above-mentioned catalyst 
components [A], |B] and [C]. Examples of water employable In the invention Include water dissolved in the later- 
described polymerization solvent, adsorbed- water or water of crystallization contained in a compound or a salt 
40 useed for preparing the catalyst component (B]. 

The first catalyst for olefin polymerization according to the invention can be prepared by mixing the catalyst 
components [A] and [B] and if desired water as a catalyst component in an inert hydrocarbon solvent or an 
olefin medium. ~ 

The order of mixing each components Is optional, but ft Is preferred that the organoaluminum oxy-conv 
45 pound [B] Is mixed with water and then to the resulting mixture Is added the transition metal compound [A]. 

The second catalyst for olefin polymerization according to the invention can be prepared by mixing the cat- 
alyst components [A], [B] and [C] and If desired water as a catalyst component In an Inert solvent or an olefin 
medium. 

.. The order of mixing each components Is optional, but It Is preferred that the organoaluminum oxy-com- 
so pound [B] b mixed with the organoaluminum compound [C] and then to the resulting mixture Is added the tran- 
sition metal compound [A]. 

Fig. 1 Plustrates steps of a process for preparing the first and second catalysts for olefin polymerization 
according to the Invention. 

In the mixing of the above-mentioned components, an atomic ratio of aluminum contained in the catalyst 
55 component [B] to the transition metal contained in the catalyst component [A] (Al/transition metal) Is generally 
in the range of 10 to 10,000, preferably 20 to 5,000, and a concentration of the component (A] Is generally In 
the range of about 10-» to 10- 1 mol/l, preferably 10~ 7 to 5 x 10-2 mol/1. 

In the second catalyst for olefin polymerization according to the Invention, an atomic ratio of aluminum 8tom 
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(Ale) contained in the catalyst component [C] to aluminum atom (Alb) contained in the catalyst component [B] 
(Alc/Alb) Is generally in the range of 0.02 to 20, preferably 0.2 to 10. 

In the case of using water as a catalyst component, a molar ratio of aluminum atom (Alb) contained in the 
catalyst component IB) to water (H 2 0) is generally in the range of 0,5 to 50, preferably 1 to 40. 
6 The above-mentioned each components may be mixed with each other In a polymerize/, or a mixture of 
those components having been prepared In advance may be introduced into the polymerizer. When those com- 
ponents are in advance mixed with each other, the mixing temperature is generally In the range of -50 to 150 
°C, preferably -20 to 120 °C, and the contact period is in the range of 1 to 1,000 minutes, preferably 5 to 600 
minutes. The temperature may be varied during the mixing procedure. 

10 Concrete examples of the inert hydrocarbon solvents used for preparing the catalysts for olefin polymer- 
ization according to the invention include aliphatic hydrocarbons such as propane, butane, pentane, hexane, 
heptane, octane, decane, dodecane and kerostne; allcyciic hydrocarbons such as cyclopentane, cyclohexane 
and methytcyclopentane; aromatic hydrocarbons such as benzene, toluene and xylene; halogenated hydro- 
carbons such as ethylene chloride, chlorobenzene and dlchloromethane; and mixtures thereof. 

is Next, the third and fourth catalysts for olefin polymerization according to the Invention are aiustratad below. 
The third catalyst for olefin polymerization according to the invention comprises a particulate carrier, [A] 
a catalyst component of a transition metal compound having a transition metal atom in Group IV6 of the periodic 
table, a ligand containing a -S0 3 R group wherein R is an afkyl group, an alky) group substituted with a halogen 
atom, an aryl group or an aryt group substituted with a halogen atom or an atkyt group, and a ligand having a 

20 cyclopentadienyl skeleton and [B] an organoaluminum oxy-compound, the transition metal compound [A] and 
the organoaluminum oxy-compound [B] being supported on the particulate carrier. 

The fourth catalyst for olefin polymerization according to the invention comprises a solid catalyst compo- 
nent and [C] an organoaluminum compound, wherein the solid catalyst component comprises a particulate car- 
rier [A] a catalyst component of a transition metal compound having a transition metal atom In Group IVB of 

25 the periodic table, a ligand containing a -SOjR group wherein R Is an alkyt group, an alkyl group substituted 
with a halogen atom, an aryl group or an aryl group substituted with a halogen atom or an alkyl group, and a 
iigand having a cyclopentadienyl skeleton and [B] an organoaluminumoxy-compound, the transition metal com- 
pound [A] and the organoaluminum oxy-compound [B] being supported on the particulate carrier. 

The carrier employable In the Invention Is a soJkJ inorganic or organic compound In granules or fine particles 

30 having a particle size of 10 to 300 pm, preferably 20 to 200 jim. Of these carriers, porous oxides are preferable 
as Inorganic compound carriers. Concrete examples of the porous oxides Include SIOj, AfeO* MgO, ZrO* T10 2 , 
B2O3, CaO, ZnO, BaO, Th0 2 , or a mixture of these compounds such as SiQz-MgO, SiOj- AI 2 O a , SIQz-TIO* SiO r 
V2O5. SlOj-CrjOj and SiOrTiO r MgO. Of these carriers, preferred are those comprising at least one compound 
selected from the group consisting of SiQi and AI 2 Oj as a major component 

35. Furthermore, the above-mentioned Inorganic compounds may also contain a small amount of a carbonate, 
a sulfate, a nitrate and an oxide such as Na 2 CO* K 2 CO* CaCO* MgCO*. NbjSO^ Al^SO^ BaS0 4 , KN0 3 , 
MgfNO,)* AI(NOj)j, NasO, K 2 0 and U0 2 . 

Moreover, there can be useed organic compounds in granular soitd or fine solid particles each having a 
. particle size of 1 0 to 300 pm as carriers In the present Invention. Examples of these organic compounds Include 

40 (co)polymers containing, as the main component, an a-olef In of 2 to 14 carbon atoms, such as ethylene, pro- 
pylene, 1 -butane and 4-methyM-pentene; polymers or copolymers containing, as the main component, vtnyt- 
cydohexane or styrene; and ring opening polymers of norbornene. 

The particulate carriers may contain hydroxy! group or water, and in this case, the amount of the surface 
hydroxyi group Is not less than 1.0 wt%, preferably in the range of 1.5 to 4.0 wt%. More preferably 2.0 to 3.5 

45 wt%, and the amount of water is not less than 1.0 wt%, preferably In the range of 1.2 to 20 wt%, more pre- 
ferably 1 .4 to 15 wt%. The water contained In the particulate carrier means water adsorbed on the surface of 
the particulate carrier. 

The amount of the surface hydroxyi group contained In the particulate carrier can be determined In the 
following manner. That Is, the carrier is dried at 200 °C under a normal pressure in a stream of nitrogen, and 
so the obtained weight of the carrier Is set to X (g). Further, the carrier is fired at 1 ,000 °C for 20 hours to give a 
fired product in which the surface hydroxyi group have vanished, and the obtained weight of the carrier Is set 
to Y (g). Thus obtained X and Y are introduced Into the following formula to obtain the weight of the surface 
hydroxyi group. 

Hydroxyi group (wt%) * {(X - Y)/X} x 100 
55 The weight of water contained In the particulate carrier can be weighed by means of a heat loss process. 
In the invention, weight loss of carrier after drying at 200 °C for 4 hours in a stream of a dry gas such as dry 
air or dry nitrogen is a weight of adsorbed water. 

If the particulate carrier containing adsorbed water and surface hydroxyi group of specific weight Is used, 
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there cart be obtained a solid catalyst for olefin polymerization capable of producing an olefin polymer having 
excellent particle properties with high polymerization activities. 

Examples of the transition metal compound [A] used In the third and fourth catalysts for olefin polymeri- 
zation according to the invention are the aforementioned transition metal compounds [A] used In the first and 
5 second catalysts for olefin polymerization. 

Likewise, examples of the organoaluminum oxy-compound [B] used in the third and fourth catalysts for 
olefin polymerization are the aforementioned organoaluminum oxy-compounds [B] used in the first and second 
catalysts for olefin polymerization. 

Further, examples of the organoaluminum compound [C] used in the fourth catalyst for olefin polymeriza- 
10 Uon are the aforementioned organoaluminum compound [C] used In the second catalyst for olefin polymeriza- 
tion. 

In the third and fourth catalysts, such water as described with respect to the f irst and second catalysts can 
be also employed in addition to the above-mentioned catalyst components. 

The third catalyst for olefin polymerization according to the invention can be prepared by mixing and con- 
13 tacting the particulate carrier and the catalyst components [A] and [B) and If desired water with each other in 
an inert hydrocarbon solvent or an olefin medium. The component [CJ may be further added after the mixing 
procedure to prepare the fourth catalyst of the invention. 

The order of adding each components is optional, but it is preferable that the particulate carrier and the 
organoaluminum oxy-compound [B] are mixed and brought into contact with each other, and then the transition 
20 metal compound [A] is brought into contact, and thereafter if desired water is brought into contact with the re- 
sulting mixture. Otherwise, a mixture of the organoaluminum oxy-compound [B] and the transftion metal com- 
pound [A] Is mixed and brought Into contact with the particulate carrier, and then if desired, water is brought 
Into contact with the resulting mixture. Alternatively, the particulate carrier, the organoaluminum oxy-compound 
[B] and water are mixed and brought Into contact with each other, and then the transition metal compound [A] 
25 Is brought into contact with the resulting mixture. 

Fig. 2 illustrates steps of a process for preparing the third and fourth catalysts for olefin polymerization 
according to the invention* 

In the mixing of the above-mentioned components, the catalyst component [A] Is generally used In an 
amount of 1 0-* to 6 x 1<H mol. preferably 5 x 1 0r 5 to 10-» rnol, per 1 g of the particulate carrier, and a concen- 
30 tration of the component (A] Is generally In the range of about 10-* to 2 x 10-* mol/l, preferably 2 x 10-* to 
1 0- 2 mol/l. An atomic ratio of aluminum contained in the catalyst component [B] to the transition metal contained 
in the catalyst component [Al (Al/transltion metal) Is generally in the range of 1 0 to 3,000. preferably 20 to 2,000. 

In the case of using water as a catalyst component, a molar ratio of aluminum atom (Alb) contained in the 
catalyst component [B] to water (H a O) Is generally tn the range of 0.5 to 50. preferably 1 to 40. 
35 The temperature in the above mixing procedure is generally in the range of -50 to 150 °C, preferably -20 
to 120 °C, and the contact period is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. The tem- 
perature may be varied during the mixing procedure. 

The fourth catalyst for olefin polymerization according to the invention comprises the above-mentioned 
third catalyst and the organoaluminum compound [C]. The organoaluminum compound [C] is used generally 
40 tn an amount of not more than 500 mot, preferably In the range of 5 to 200 mof t per 1 gram atom of the transition 
metal atom. 

The catalysts for olefin polymerization according to the Invention may contain other additives which are 
useful for olefin polymerization in addition to the above components. 

As the inert hydrocarbon medium employable for preparing the third and fourth catalysts for olefin poly- 
ps mertzation according to the invention, there can be exemplified the similar media to those used for preparing 
the aforementioned first and second catalysts. 

Next, the fifth and sixth catalysts for olefin polymerization according to the Invention are described below. 
The fifth catalyst for olefin polymerization according to the invention comprises a particulate carrier, [A] a 
. catalyst component of a transition metal compound having a transition metal atom in Group IVB of the periodic 
so table, a ligand containing a -SO»R group wherein R is an aikyl group, an alkyl group substituted with a halogen 
atom, an aryl group or an aryi group substituted with a halogen atom or an alkyl group, and a ligand having a 
cyclopentadienyl skeleton, [B] an organoaluminum oxy-compound, and an olefin polymer prepared by prepo- 
lymerization. 

The sixth catalyst for olefin polymerization according to the invention comprises a particulate carrier, (A) 
55 a catalyst component of a transition metal compound having a transition metal atom In Group IVB of the periodic 
table, a ligand containing a -SOjR group wherein R is an alkyl group, an alkyl group substituted with a halogen 
atom, an aryl group or an aryl group substituted with a halogen atom or an atkyt group, and a ligand having a 
cyclopentadienyl skeleton. [B] an organoaluminum oxy-compound, [C] an organoaluminum compound, and an 
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olefin polymer prepared by prepoiymerization. 

The particulate carrier, the transport metal compound [A], the organoalumtnum oxy-compound [B] and the 
organoaluminum compound [C] used in the above catalysts for olefin polymerization are similar to those de- 
scribed before. Water can be also employed for these fifth and sixth catalysts. 
5 These fifth catalyst for olefin polymerization according to the invention can be prepared by mixing and con- 
tacting the particulate carrier, the component [A] and the component [B] and if desired water with each other 
in an inert hydrocarbon solvent or an olefin medium to give a solid catalyst, and then prepojymerizlng a small 
amount of olefin with the solid catalyst 

The component [C] can be also added after the mixing procedure. 
10 The sixth catalyst for olefin polymerization according to the Invention comprises the above-mentioned fifth 
catalyst and the organoaluminum compound [CJ. 

The order of adding each components is optional, but it is preferable that the particulate carrier and the 
organoaluminum oxy-compound [B] an) mixed and brought into contact with each other, and then the transition 
metal compound [A] is brought into contact, and thereafter if desired, water is brought into contact with the ra- 
ta suiting mixture. Otherwise, a mixture of the organoaluminum oxy-compound [B] and the transition metal com- 
pound [A] is mixed and brought into contact with the particulate carrier, and then if desired water is brought 
into contact with the resulting mixture. Alternatively, the particulate carrier, the organoaluminum oxy-compound 
[B] and water are mixed and brought into contact with each other, and then the transition metal compound [A] 
is brought into contact with the resulting mixture. 
20 Fig. 3 illustrates steps of a process for preparing the fifth and sixth catalysts for olefin polymerization ac- 
cording to the Invention. 

In the mixing of the above-mentioned components, the catalyst component [A] Is generally used in an 
amount of 1 0-* to 5 x 10-» mol, preferably 5 x 10* to 10- 3 mo!, per 1 g of the particulate carrier, and a concen- 
tration of the component [A] is generally In the range of about 1CH to 2 x 10-2 mol/1, preferably 2 x 10-* to 
25 1 0r 2 mof/t. An atomic ratio of aluminum contained in the catalyst component [B] to the transition metal contained 
In the catalyst component [A] (Af/transition metal) is generally in the range of 1 0 to 3,000, preferably 20 to 2,000. 

In the case of using water as a catalyst component, a molar ratio of aluminum atom (Alb) contained In the 
catalyst component [B] to water (H 2 0) is generally in the range of 0.5 to 50, preferably 1 to 40. 

The temperature h the above mixing procedure Is generally in the range of -50 to 150 °C, preferably -20 
30 to 120 °C, and the contact period is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. The tem- 
perature may be varied during the mixing procedure. 

The fifth catalyst for olefin polymerization according to the invention can be prepared by prepotymerizing 
olefin in the presence of the above-mentioned each components. In the prepolymertzetion, the catalyst com- 
ponent (A] b used En an amount of 1 0-* to 2 x 1 0-* rncJ/l, preferably 5 x 1 0- 5 to 1 0-* mol/l, the prepoiymerization 
35 temperature is generally in the range of -20 to 80 °C, preferably 0 to 50 °C, and the prepoiymerization period 
la generally In the range of 0.5 to 100 hours, preferably 1 to 50 hours. 

The olefin used in the prepoiymerization fs selected form olefins used for polymerization, but preferred 
are the same monomer as that for polymerization or a mixture of said monomer and a-oiefln. 

In the catalyst for olefin polymerization obtained as above, the transition metal atom Is supported on the 
40 particulate carrier in an amount of about 5 x 10-* to 1 0^ g atom, preferably 10-* to 3 x 10~* g atom, per 1 g of 
the particulate carrier, and the aluminum atom is supported on the particulate carrier in an amount of about 
10-3 10 10-1 g a tom, preferably 2 x 10- 3 to 5 x 10-' g atom, per 1 g of the particulate carrier. Further, the weight 
of the polymer prepared by the prepoiymerization is in the range of about 0.1 to 500 g. preferably 0.3 to 300 
g, more preferably 1 to 100 g, based on 1 g of the particulate carrier. 
43 The sixth catalyst for olefin polymerization according to the Invention comprises the above-mentioned fifth 
catalyst and the organoaluminum compound [C]. The organoaluminum compound [C] is used generally in an 
amount of not more than 500 mol, preferably in the range of 5 to 200 mol, per 1 gram atom of the transition 
metal atom. 

. The catalysts for olefin polymerization according to the invention may contain other additives which are 
so useful for olefin polymerization in addition to the above components. 

As the Inert hydrocarbon medium employable for preparing the fifth and sixth catalysts for olefin polymer- 
ization according to the Invention, there can be exemplified the similar media to those used for preparing the 
aforementioned first and second catalysts. 

The polymerization process of the invention is described below. 
55 in the invention, olefin Is polymerized In the presence of the above-mentioned catalysts for olefin polymer- 
ization. 

The polymerization of olefin can be carried out in any process of liquid phase polymerization (e.g., sus- 
pension polymerization and solution polymerization) and gas phase polymerization. In the liquid phase poly- 
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merization, the same Inert hydrocarbon solvent as that used for the preparation of the catalysts can be em- 
ployed, or olefin per se can be employed as the solvent 

When the polymerization of olefin is conducted using the third or fourth catalyst for olefin polymerization 
according to the invention, the catalyst component [A] is used In an amount generally 10- 8 to 1CH g atom/1, 
5 preferably 1 0- 7 to 5 x 1 0r 2 g atom/I , in terms of a concentration of the transition metal atom In the polymerization 
reaction system. In this polymerization, aluminoxane may be employed, If desired. 

In the case of conducting the polymerization of olefin using the catalysts containing a prepolymerized ole- 
fin, as In the case of the fifth and sixth catalysts of the invention, the transition metal compound of the catalyst 
component [A] is used generally in an amount of 1 <H to 1(H g atom, preferably 10* 7 to 1(H g atom, in terms 
10 of transition metal atom, per 1 liter of polymerization volume. In this polymerization, an organoaluminum com- 
pound or aluminoxane may be employed, if desired. Examples of the organoaluminum compounds used herein 
are the similar compounds to the aforementioned catalyst component [CJ. The amount thereof preferably is in 
the range of 0 to 500 mo! per 1 gram atom of the transition metal atom. 

The temperature for olefin polymerization Is generally In the range of -50 to 100 °C, preferably 0 to 90 °C, 
15 In the case of slurry polymerization; it Is generally in the range of 0 to 250 °C, preferably 20 to 200 °C, in the 
case of solution polymerization; and It is generally in the range of 0 to 120 °C, preferably 20 to 100 °C, in the 
case of gas phase polymerization. The polymerization pressure is generally In the range of a normal pressure 
to 100 kg/cm 2 , preferably a normal pressure to 50 kg/cm 2 . The polymerization reaction may be performed by 
any of a batch process, a semi-continuous process and a continuous process. Further, It Is also possible to 
20 perform the polymerization in two or more stages different in the reaction conditions. 

The molecular weight of the obtained olefin polymer can be adjusted by allowing water to exist in the poly- 
merization system or by varying the polymerization temperature. 

Examples of the olefins which can be polymerized by using the catalysts for olefin polymerization Include 
ethylene and a-oleftns of 3-20 carbon atoms such as propylene, 1-butene, 1-pentene, 1-hexene, 4~methyl-1- 
2$ pentene, 1-odene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene; and 
cycloolef ins of 3-20 carbon atoms such as cydopentene, cydoheptene, norbornene, 5-methyt-2-norbornene, 
tetracydododecene and 2-niemyl -1,4 ,5, 8-dimethano- 1,2,3,4,48,5, 8, 8a-octahydronaphthalene. Also employ- 
able are styrene, vlnylcydohexane, diene, etc. 

The present Inventors have energetically studied on development of the novel catalysts as mentioned 
30 above, and on this way, we have developed a novel transition metal compound employable as the catalyst com- 
ponent [A] of the Invention. If this novel transition metal compound is used as the component [A], a catalyst 
having high catalytic activities for olefin polymerization can be obtained. 

The novel transition metal compound Is described In more detail below. 

This novel transition metal compound of the Invention is represented by the following formula (IXJ. 

45 

Cp 1 S0 3 R* 
\ / 

M [IX] 
/ \ 
Cp 2 X 

In the formula [IX], M Is a transition metal in Group IVB of the periodic table, each of Cp 1 and Cp 2 Is a group 
4S having a cydopentadlenyl skeleton, said group having a cydopentadlenyf skeleton may have a substituent 
group, Cp* and Cp 3 may be linked to each other through an aOcylene group, a substituted alkytene group, a 
sllyiene group or a substituted sHyiene group. R 1 is an aJkyl group, an alkyi group substituted with a halogen 
atom, an aryi group or an aryl group substituted with a halogen atom or an alkyi group, X is -SOjR 1 , a halogen 
atom, R 1 , OR 1 , NR 1 n. S(Ofc,R\ SiR 1 3 or P<0)«,Ri * n is 1 . 2 or 3, and q is 0,1 or 2. Preferably. X Is -SOW, -OR, 
» -NR'n or a halogen atom. 

M in the formula [IX] is a transition metal in Group IVB of the periodic table, and In concrete it Is zirconium, 
titanium or hafnium. 

Examples of the group having a cydopentadienyl skeleton include cydopentadlenyl group; aikyl-substltut- 
ed cydopentadlenyl group such as methy (cydopentadienyl group, ethyfcydopentadieny! group, n-butylcydo- 
s$ pentadlenyl group, dimethytcydopentadieny! group, trimethytcydopentadienyt group and pen tame thyl cydo- 
pentadlenyl group; indenyl group; and fluorenyl group. Of these, preferred are alkyt-substituted cydopentadle- 
nyl group and Indenyl group. 

Examples of the alkytene group Indude ethylene group and propylene group. 

15 
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Examples of the substituted atkytene group tndude isopropylidene group and diphenylmethytene group, 
and an example of the substituted silylene group Es dimethylsilylene group. 

Examples of the alky) group include methyl group, ethyl group, propyl group, isopropyl group and butyl 
group, and examples of the aryi group tndude phenyl group and totyl group. 

The halogen is fluorine, chlorine, bromine or iodine. 

The transition metal compound represented by the formula [IX] is very stable, and when used as a catalyst 
for olefin polymerteation wfth an organoaltmtiraifn oxy-compound, it shows high activities for olefin polymeri- 
zation. 

Concrete examples of the transition metal compounds represented by the formula [IX] are given below. 
Bis(cyclopentadlenyl>-2irt»nlum (lV)-bis{rnethanesulfonate), 
Bis(cyclopentadienyt)-zirconium (!V>bfe{p-toluenesulfonate), 
Bis(cycfopentadienyl>-zirconlum (1V>bis(trifluoromeUianesulfonate), 
81s(cyclopentadienyl)-zlrconium (IVytrffluoromethanesuIfonate monochloride, 
Bfs{cyctapentadiGnyl}-zlrcon!um (IV>bis{benzeneaulfonate), 
Bis(cyclopentadienyl)-zJrconium (lV>bis(2,4,6-trimethylbenzenesulfonate), 
Bls(cyclopentadtenyt)-zJrconIum (lv>bis(2,4 t ^trtisopropylbenzenesulfonate), 
Bis(cydopentadlenyl)-zirconlum (IVJ-blsipentafluorobertzenesutfonate), 
Bis(cyclopsntadienyl)-zlrconlum (IVHbenzenesulfonate) monochloride, 
Bls(cydopentadtenyl>-zirconium (IV>^4 t 6-trimethylbenzenesulfonate) monochloride, 
Bis{cydopentadienyl)-zirconium (IV)^4 ( B-OTlsopropylberizanesulfonate) monochloride, 
Bis(cydopentadlenyl)-zirconium (IVHpentafluorobenzenesulfonate) monochloride, . 
Bls(cyclopentadienyl)-zfrconium (IVHatDxy) (trifluoromethanesulfbnate), 
Bis(methylcydopentadienyl)-zjrconium (IV>^fe(trifluorom8thanesuifonate), 
Bis(methylcydopentadienyl>-zirconlum (IV)^uorornethanesulfonate monochloride, 
Bis(1 ,3-dinriethylcydopentadIenyl)-2Brconium (IV>bts(trifluoromethanesuJfbnate), 
Bis(1,3-dImethy1cydopentadlenyl)-adraonhim (IV>trffluoromethanesuJfbnate monochloride, 
Bls{1>dtiT»th^cydopentadIeny1)-iir^ 

Bts(1 ,3-dtmethylcydopentadIenyl>>ziroonlum (IV>bis(p-totuenesuffonate) t 
Bis(1 ,3-dImemyic^opentadlenyl>-ziroonkim (IV^bb(2 ( 4,B-trimethylbenzenesulfonate), 
8is(1 >dlmeth^cydoporrtadienyl)-zirconlum (!V>bE3(2,4,6-tribopropylbenzene3ulfonate), 
Bls(1 >dimethtfcydopentadIenyl)-zircorilum (IV)-bl3(pentafluorobenzenesulfonate), 
Bi3(1>dlmethylcydopentadlenyi>-zirconlum (IV>(benzenesulfonate) monochloride, 
Bl3(1>dlmemylcydopontadIenyl)-zIrconium (I\^2,4 ( 6-trimethylbenzenesutfonate) monochloride, 
Bis(1,3-dtmeth^cydopentadienyt)-zlrconlum 0V^(2,4 f 6-triisopropylberizenesulfonate) monochloride, 
Bls(1,3^imethy1cydopentadienyi)-zirconium (Iv>(pentafluorobertzene3uJf6nate) monochloride, 
Bis(1 ,3-dlmethylc7dopentadIenyi)-zirconlum {IVHtrif luoromethanesurfonate)dlmethylamtde, 
Bis(1 ,3>tnmethy1cydopentadienyl)-zkcontum 0v>bls(trff1uoromethanesutfonate), 
Bis{1.3>trtmethytcyctopentadlenyl>zto (IV)-trifluoromethanesulfonate monochloride, 
Ethylenebis(indenyl)-zIrconlum (IV)^i5{trmuorornethanesuIfonata), 
Ethyienebls(lndenyl)-zirconfum (IV)^fe(piethanesurfonate) f 
Ethy1enebl3(lndenyl)-zIrconlum (IV)-bis(p-toluenesurfonate) ( 
Emyl6nebl80nden^)-zlrconlum(l\0-bls(r><rd 
Etr^enebts0ndenyl>-zlrconlum(lv>tr9luorofra 

Ethylenebis(indenyl)-zlrconlum (IVO-trifaorotnethanesdronate monobromide, 
Ethytenebls(lndenyl)-zlrconium (IVJ^rifTuoronrothanesuifbnate monofluoride, 
Ethytenebls(Indenyl)-zJrconlum (IV>trffluoromethanesulfonate monoiodide, 
Ethyienebis(indeny1)-zirconlum (IV>metnanesulfonate monochloride, 
Ethylenebls(Indenyl>-zirconium (IV>p-eQbtenesulfonate monochloride, 
- Etrr^enebls(lndenyl)-zirconfum(^^ 

Ethylenebis(lndenyl>-zirconfum (!V>W5(2,4,6*trimemyIbertzenesulfonate), 
Ethylenebis(indenyt>-zircon[um (IV>4)is(2^ t 6-trnsopropylbenzenesuffonate), 
EthylenebIs(lndenyl)-zirconium (IVH)k<pentafluorobenzenesutfonate), 
Ethy1enebis(indenyl>-zlrcontum (IVHbenzenesurfonate) monochloride, 
Ethy1enebls(indenyl>-ztrconhjm (l\0-(2.4,6-trfrnethylbenzenesulfonate) monochloride, 
Ethylenebls(indenyl)-zirconhjm (IV^^e-trBsopropylbenzenBsuIfonate) monochloride, 
Ethylenebts(lndenyf)-zirconhjm 0V>(pentafIuoroberizenesutfonate) monochloride, 
Ethyfenebis(lndenyl)-hafnium (^bisOrifluoromethanesulfbnate), 
EthylenebIs(indenyt>-hafhium(lv>b{s(rnetnanesuffonate), 
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Ethylenebis(indeny1)-hafhium (!V>bis(p-toluenesulfonate) ( 
Ethy!enebls(indenyt)-hafhium (IV>bls(p-chlorobenzenesulf6nate). 
Ethylenebis(indenyl)-hafnium (IV)-triftuoromathanesulfonata monochtoride, 
Ethylenebis(indanyl)-hafniurn (IV>trifluorometh8nesulfbnate monobromide, 
Ethyienebis(tndenyl)-hafnium {lv>trifluoromethanesulfbnate monofluoride, 
Ethylenebls(indeny1)-hafhlum (IV)-trtfluoromethanesuIfbnate monolodlde, 
Ethylenebls(lndeny1)-hafhlum (IV>rnethaneeulfonate monochloride, 
Ethylenebis{indenyl)-hamium (IV>p-toluenesulf6nate monochloride, 
Ethytenebis(indeny1)-titanium (IV)-bls(trifluoromethanesulfonate), 
Ethylenebis(indenyl)-Ulanrum (IV>bis(methanesulfonate), 
Ethylenebls(indenyf>titaniiim (IV)-bis(p-toiuenesutfbnate), 
Ethytenebls(indenyi>*titanfum (IV)-bls(p-chloroberuenesu]fonate) J 
Ethy1enebis(lndeny1)-titantum (l\^trifluornmethanesuJfonata monochloride, 
Ethy1enebts(indeny1}-titanium {JV>trifluoromethanesulfonate monobromide. 
Ethy1enebis(indenyi)-titanium (IV)-trif)uoromethanesu)fonata monofluoride, 
Ethytenebi3(indenyl)-titanium (IV)-bifluoromethanesu]fonate monoiodide, 
Ethylenebis(indeny1>-titanlum (lv>methanesulfonate monochloride, 
Ethy1enebis(indenyi)-Btanium (IV)-p-toluenesuJfonate monochtoride, 
DImethyl3flyIbis(indenyi)-zirconium (lv>bis(trifluoromethanesulfonate), 
Dimethy1sllytb{3(indenyt)-7Jrconium (IV>bis(methanesulfQnate), 
Dimethyfsfly»bis(indenyl>-zirconIum (IV>bls(p-to!uenesulfonate), 
Dlmemyl3nylbfe0ndenyi)-zirconlum (IV)-bls(p-cNorobenzenesulfonate), 
DirnethylsBylbis(indenyl)-zirconium (IV)-trifluoromethanesuIfonatB monochloride, 
Dimethylsilylbls(indenyl)-zlrconlum (IV>trffluoromethanesutfonatB monobromide, 
Dimemytsflytbls0ndenyt)-zIrconiurn (JN^trtfluoromethanesulfonate monoftuorlde. 
Dlmethy1sliyIbl3(indeny1)-zJrconluni (IV>tn7luoromethanesulfonate monolodlde. 
DImethy1ailyibIs(lndenyl>-zirconlum (iv>methanesulfonate monochloride, 
Dlmethylsily1bb(1ndenyl)-zirconium (IV)-p-toIuenesu!fonate monochloride, 
Dlmamy*snyIbi30ndBrryJ>-zirconIum <IV>bis(benzenasutfonate), 
DImethylsilylbis(lndenyl)-zJiconIum (IV^bis(2,4>tnVnethylbanzanesulfonate) # 
Dimethy)3iiy1bb(indeny1>-zJrconium (IV>-bis(2 ( 4 t 6-trii30propylbeiuenesulfonate), 
Oimethy1sDytbis0ndenyl)-zIrconium (IV)-bIs(pentafIuorobenzenesurfonate) t 
DlmethylsiIylbls(indenyl)-zJrconium (fVHbenzenesuIfonate) monochtoride, 
DImethyl3llylbls(Indenyl>-zirconium fJvj-PAS-trimemylbenzenesuifbnate) monochloride, 
DtmethylstIylbts(indeny»)-zircontum (IV^(2.4.6-tnTsopropylbenzeneautfbnate) monochloride, 
Dlmathy1snytbts(indenyl}-zIrconlum (IV)-(pentaftuorobenzenesutfonate) monochloride, 
Dlphenylmethylenebi8(indenyt)-zIrconIum (IV)-bIs(trmuoromethanesutfonatB) ( 
Dlphenytmethytenebls(lndenyf)-zircon!um (tV)-bls{methane8uIfonate), 
Dlphen^methylenebis0ndeny1>zircorta^ 
Dlphen^methtfenebisfjndeny1)-zir^ 

Dipheny1methytenebis(lndenyt>-zIrconium (IV>-trifluoromethanesuIfbnate monochloride, 
Diphenylmethylenebis(indenyl)- zirconium (tV^triftuoromethanesulfonate monobromide, 
DIphenytmathylenebIs(Indeny1>*zIrcon!um (lV)-trffIuoromethanesulfonate mortoftuoride, 
Dipheny1memyienebts(indentfVzirconium^ 

Diphentf methylenebisflndentf )-zirconium (IV)-methanesutfonate monochloride, 
Diphenylmethylenebts(indenyt}-zIrcQnIum (IV>p-toiuenesulfonate monochtoride, 
DiphenytsOytbis(lndenyt)-zirconium (lv>bis(benzenesulfbnate), 
Dlphen^6n^bts(indenyl)-zIrooriIum (i\^l)i8(2,4,6-tranemytbenzanesulfonate), 
: OiphenytsnylbIsCndenyt)-zircon!um (IV>bia(2,4,6-trlsopmpylberaenosuIfonate), 
Diphenytsay1bls(lndenyt)-zirconium (IV>(pentafluorobenzenesutfonate) ( 
Diphenyisny1b(s(indenyl)-zlrconium (IVHbenzenesutfonate) monochtoride, 
Dtpheny1sIiylbls(indenyl>-zlrconlum (lV)-(2,4,6-tiimethytbenzanesu!fonate) monochloride, 
Diphenyl3Dylbis(indeny1>-zirconium (tNO-(2,4,6-triisopropylbenzene8u)fonate) monochtoride, and 
Diphenyl8flytbi8(indenyl}-zlrconlum (IV>(pentafIucrobenzenesutfbnate) monochloride. 
The novel transition metal compound of the Invention can be prepared from a compound represented by 
the following formula [X] and a sulfonic add derivative represented by the following formula [XI], 
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/ M \ 

Cp 2 Y 

In the formula [X], M Is a transition metal in Group IVB of the periodic table, and this group having a cy- 
10 dopentadianyl skeleton may have a substituent group. Cp 1 and Co 2 may be linked to each other through an 
alkylene group, a substituted alkylene group, a silylene group or a substituted silylene group. Y is S0 3 R, a ha- 
logen atom, R. OR, NR n , S(0)„R, SIR, or P(o)<,R 3l n is 1, 2 or 3 t and q is 0, 1 or 2. R is an alkyl group, an alkyl 
group substituted with a halogen atom, an aryl group or an aryl group substituted with a halogen atom or an 
alkyl group. 

is R'SO^Z pa] 

In the formula [XI], R 1 is an alkyl group, an alkyl group substituted with a halogen atom, an aryt group, or 
an aryl group substituted with a halogen atom or an alkyl group. 2 is an Ag, alkali metal (e.g., Na and K) or an 
ammonium group (e.g., Trfethyt ammonium and trl(n-octyl)ammontum). 

The preparation of the transition metal compound from the compound represented by the formula [X] and 
20 the sulfonic acid derivative represented by the formula [XI] Is carried out in accordance with the following re- 
action formula. 

Cp 1 S0 3 Rl 

\ / 

+ R 1 S0 3 Z -» M 

/ \ 
Cp 2 X 

tXI] [IX] 
In the formula [IX], X ts -SO a R 1 or the same halogen atom as that of Y. 

The reaction conditions In this reaction varies depending upon the composition of the aimed compound 
35 [IX], but the compound [XI] & generally used In an amount of 1-10 times by mol, preferably 1-3 times by mole, 
of the amount of the compound (X]. The reaction temperature is generally In the range of -20 to 180 e C, pre- 
ferably 0 to 130 *C, end the reaction time is generally in the range of 0.5 to 48 hours, preferably 2 to 12 hours. 

Suitable solvents used in the reaction Include aliphatic hydrocarbons such as hexane and decane; aromatic 
hydrocarbons such 8s benzene, toluene and xylene; halogenated hydrocarbons such as carbon tetrachloride, 
40 chloroform and methylene chloride; and ketones such as acetone and methyl tsobutyt ketone; and acetonitrfle. 
Of these, toluene and xylene are particularly preferred. Such hydrocarbon solvent as mentioned above Is used 
generally in an amount of 1-1,000 times, preferably 50-500 times, of the amount of the compound [X]. 
The above-described process gives the desired transition metal compound In high yield. 
The transition metal compound obtained as above can be isolated or purified by filtering ft and then con- 
45 centrating the resulting filtrate to recrystaltize or by subjecting ft to sublimation. 

EFFECT OP THE INVENTION 

The catalysts for olefin polymerization according to the Invention can give olefin polymers of excellent par- 
se tide properties with high polymerization activities even when applied to a suspension polymerization and a gas 
phase polymerization, and further can give copolymers having a narrow composition distribution when two or 
more monomers are copolymerized. 

Moreover, the present Invention provides a novel transition metal compound favorably used for the above- 
mentioned catalysts for olefin polymerization. 

55 

EXAMPLE 



The present invention Is illustrated below with reference to examples, but it should be construed that the 
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present invention is in no way limited to those examples. 

The molecular weight distribution (Mw/Mn). meit flow rata (MFR), intrinsic viscosity [nj, tacticfty (mm triad 
fractions), ethylene content, reduced specific viscosity (RSV). of polymers (n this specification are measured 
in the following manner. Further, the composition distribution is estimated by "Amount of n-decan sotubule por- 
5 Uon of polymer*. 

Molecular weight distribution 

The molecular weight distribution (Mw/Mn) was measured In accordance with 'Gel Permeation Chroma* 
10 tography* written by Takeuchi, issued by Maruzen Co., Ltd. 

Melt flow rate 

The melt flow rate was measured at 190 °C under a load of 2.16 kg in accordance with ASTM 0765. 

15 

Intrinsic viscosity fo] 

The intrinsic viscosity was measured In decalin at 135 °C, and expressed by dl/g. 

20 Tacticity (mm triad fractions) 

The isotactic fraction (mm triad fractions) In the propylene chain was determined based on 15 C-NMR spec- 
trum analysis. Test specimen was prepared by dissolving about 1 50 mg of a sample in a mixture liquid of hex- 
aehlorobutadiene and bihydrogenated benzene. 13 C-NMR was measured by using a normal device of JEOLGX 
25 500 under the conditions of a measuring frequency of 125.65 MHz, a spectrum width of 8.600 Hz, a pulse rep- 
etition period of 4.0 seconds, a pulse angle of 45° and a measuring temperature of 95 to 110 °C. 

Ethylene content 

30 The ethylene content In a copolymer was determined by **C-NMR spectrum analysis of a sample prepared 
by homogeneously dissolving about 200 mg of the copolymer In 1 ml of hexachlorobutadiene In a sample tube 
having a diameter of 1 0 mm$ under the conditions of a measuring temperature of 1 20 °C, a measuring frequency 
of 25.05 MHz. a spectrum width of 1,500 Hz, a pulse repetition period of 4.2 sec and a pulse width of 6 usee 

as Reduced specific viscosity (RSV) 

The reduced specific viscosity was measured by dissolving a polymer in decalin of 1 35 °C In a concentre* 
tion of 0.1 dl/g, and expressed by cfl/g. 

40 Amount of n-decane soluble portion of polymer 

The amount of a n-decane soluble portion of polymer was measured by dissolving about 3 g of said polymer 
in 450 ml of n-decane at 145°C. cooling the solution to 23°C, removing a n-decane Insoluble portion by filtration, 
and recovering a n-decane soluble portion from the filtrate. 

45 

(Synthesis of transition metal compound] 
Example 1 

so preparation of bis(cycIopentadEenyl)-zirconium (IV)-bls(methanesuffbnate) (Compound No. 100)] 

Into a 300 ml glass reactor thoroughly purged with nitrogen were charged 100 ml of dry acetonitrfle and 
1 .24 g (4.25 mmol) of zirconocene dlchlorlde, and they were stirred at room temperature to give a homogeneous 
solution. To the mixed solution was added dropwise 50 ml of an acetonitrlte solution containing 1.74 g (8.57 
65 mmol) of silver methanesulfonate at room temperature over a period of 10 min, and the reaction was continued 
at room temperature for 2 hours. The produced salt was filtered over a glass filter in a stream of nitrogen, and 
the obtained filtrate was concentrated at a reduced pressure. Thus obtained solid was recrystaltized with tol- 
uene, to obtain 1.04 g of a colorless needle crystal (yield: 60 %, melting point 145 - 148 °C). 

19 
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The results on the 'H-NMR spectrum analysts and the elemental analysis of the crystal obtained as above 
are set forth in Table 1. 

Example 2 

preparation of bls(cyclopentadlenyl)-zirconium (Iv>bls(p-to!uenesutfonate) (Compound No. 101)] 



Into a 200 ml glass reactor thoroughly purged with nitrogen were charged 50 ml of dry acetonitnle and 1 .05 
g (3.6 mmol) of zlrconocene dichloride, and they were stirred at room temperature to give a homogeneous sol- 

io utlon. To the mixed solution was added dropwbe 100 ml of an acetonitnle solution containing 2.04 g (7.3 mmol) 
of silver p-toluenesutfonate at room temperature over a period of 10 min, and the reaction was continued at 
60°C for 2 hours. The produced salt was filtered over a glass fitter in a stream of nitrogen, and the obtained 
filtrate was concentrated at a reduced pressure. Thus obtained solid was recrystailized with toluene, to obtain 
1.39 g of a light-yellow white needle crystal (yield: 69 %, melting point 213 - 216 °C). 

15 The results on the 'H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth in Table 1. 

Example 3 

20 preparation of bis(cyclopentadienyl)-zirconium (IV>bIs(trifluoromethanesulfonate) (Compound No. 102)] 

Into a 1 liter glass reactor thoroughly purged with nitrogen were charged 250 ml of dry toluene and 0.73 g 
(2.5 mmol) of zlrconocene dichloride, and they were stirred at room temperature to give a homogeneous sol- 
ution. To the mixed solution was added dropwise 100 ml of a toluene solution containing 1.28 g (5.0 mmol) of 

25 silver trffluoromethanesulfonate at room temperature over a period of 30 min. The reaction liquid was stirred 
at room temperature for 3 hours, and then the reaction was continued at 60 °C for 4 hours. The produced salt 
was filtered over a glass f Dter In a stream of nfrogen, and the obtained filtrate was concentrated at a reduced 
pressure. Thus obtained solid was purified by means of sublimation (1 x 10- 4 mmHg/100-120°C), to obtain 0.45 
g of a white solid (yield: 35 %, melting point 205 °C (decomposition)). 

30 The results on the 1 H-NMR spectrum analysts and the elemental analysis of the white solid obtained as 
above are set forth in Table 1. 

Example 4 

35 preparation of bis(cyclopentadienyf>-ztrconlum (iV>trifluoromethanesulfonate monochloride (Compound 
No. 103)] 

The procedure of example 3 was repeated except for using 1.46 g (5 mmol) of zlrconocene dichloride and 
1.54 g (6 mmol) of sQver fluoromethanesulfbnate, to obtain 0.96 g of a white solid (yield: 47 %, melting point* 
40 101 °C (decomposition)). 

The results on the 1 H-NMR spectrum analysis and the elemental analysis of the white solid obtained as 
above are set forth in Table 1. 

Example 5 

45 

Preparation of bis(cyclopentadineyl)-zirconium (IV)-bis(2,4,6.trimethylbenzenesulf6nate) (Compound No. 
104)1 

. Into a 500 ml glass reactor thoroughly purged with nitrogen were charged 100 ml of dry acetonftrile and 
so 1 .58 g (5.4 mmol) of bis(cyclopentad lenylj-zirconlum (lV>dichtoride, and they were stirred at room temperature 
to give a homogenous solution. To the mixed solution was added dropwise 50 ml of an acetonitnle solution con- 
taining 3.70 g (10.8 mmol) of silver 2 f 4>trimethylbezenesulf6nate at room temperature over a period of 10 
min. Then, the temperature of the reaction system was raised to 60°C. After the reaction of 2 hours, the reaction 
liquid was cooled to room temperature. The produced salt was f Otered. To the produced salt was added 300 
55 ml of acetonitrile, and the mixture was stirred for 30 min. While refluxing. Thereafter, the mixture was filtrated 
by means of hot-filtration, and silver chloride was removed. Then the filtrate was concentrated at a reduced 
pressure. The concentrate was recrystailized with 1 00 ml of toluene, to obtain 1 .2 g of a needle crystal of bls(cy- 
clopentadienyt)-zircon!um (lv^-bis(2 l 4 ( 6-trunethytbenzenesutfonate) (yield: 38%, melting point 250 - 251 °C). 
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The results on the 'H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set force In Table 1 . 



Example 6 

preparation of bis(rnemytcydopentadieny1)-zJrconium (IV)-bts(tnfluoromethanesulfonate) (Compound No. 
200)] 



The procedure of example 3 was repeated except for using 1 .60 g (5 mmol) of bis(methyIcyclopentadienyf)- 
10 zirconium (IV)-dichloride instead of zirconocene dichloride and using 2.59 g (1 0 mmoJ) of silver trifluorometha- 
nesulfonate, to obtain 0.55 g of an yellow crystal (yield: 20 %, melting point 85 °C (decomposition)). 

The results on the 'H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth in Table 1 . 

is Example 7 



[Preparation of bls(methylcycIopantadienyl)-zirconium (IV)-trtfluoromethanesulfonate monochtorlde (com- 
pound No. 201)] 



20 The procedure of Example 3 was repeated except for using 1 .53 g (4.8 mmol) of bis(methytcydopentadie- 
nyl)-zlrconium (lv>dichloride instead of zirconocene dichloride and using 1.29 g (5.0 mmol) of silver trifluoro- 
methanesulfonate, to obtain 1 .44 g of an yellow crystal (yield: 69 %, melting point 78 - 79 °C). . 

The results on the 1 H-NMR spectrum analysts and the elemental analysts of the crystal obtained as above 
are set forth in Table 1. - ■ 

Example B 



preparation of bls(1,3-dimethylcydopentadIenyl>-zJrconlum (IV)*bis(trif1uorornethanesulfdnate) (Compound 
No. 202)] 

30 

The procedure for obtaining the filtrate In Example 3 was repeated except for using 6.97 g (20 mmol) of 
bis(1 t 3-dimethytcydop^ntadienyl)-zirconium (IV>dichtorlde instead of zirconocene dichloride and using 10.53 
g (41 mmol) of silver trifluoromethanesulfonata. The obtained filtrate was concentrated to give the resulting 
amount of 20 ml, and the precipitated solid was heated at 60 °C to dissolve again, and then gradually cooled 
35 to room temperature to be recrystailtzed. Thus, 7.52 g of an yellow crystal was obtained. The crystal was dis- 
solved in 25 ml of toluene at 50 °C, and gradually cooled to room temperature to be recrystailtzed. Thus, 4.77 
g an yellow crystal was obtained (yield: 41 %, melting point 169-171 °C). 

The results on the 'H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth in Table 1. 

40 

Example 9 

preparation of bis(1,3-dtmethylcydopentadlenyl)-zlreonlum 0v>trifluoromethane$ulfdnate monochlorlde 
(Compound No. 203)] 

45 

The procedure of Example 3 was repeated except for using 1.60 g (4.6 mmol) of bis(1,3-dimethytcyde- 
pentadienyl)-zirconium (IV)-dichloride Instead of zirconocene dichloride and using 1.24 g (4.8 mmol) of silver 
trifluoromethanesulfonate. to obtain 0.25 g of an yellow crystal (yield: 12 %. melting point 110 °C (decompo- 
sKjon)). 

so The results on the 'H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth in Table 1. 



Example 10 

,55 preparation of ethylenebls(lndenyt)-zirconium (rv>bis(trif1uoromethanesulfonate) (Compound No. 300)] 

Into a 1 liter glass reactor thoroughly purged with nitrogen were charged 600 ml of dry toluene and 88 g 
(4.5 mmol) of ethylenebls(indenyl)-zircontum (tv>dichloride, and they were stirred at room temperature to give 
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a homogeneous solution. To the mixed solution was added dropwise 100 ml of a toluene solution containing 
2.34 g (9 mmol) of sBver trifluoromethanesuifonate at room temperature over a period of 30 min. The reaction 
liquid was stirred at room temperature for 3 hours, and then the reaction was continued at 60 °C for 4 hours. 
The produced salt was filtered over a glass filter in a stream of nitrogen, and the obtained filtrate was concen- 
3 trated at a reduced pressure. The obtained solid was recrystaillzed with 60 ml of toluene, to obtain 1.54 g of 
an orange crystal (yield: 53 %, melting point 160 °C (decomposition)). 

The results on the 'H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth In Table 1. 

10 Example 11 

[Preparation of ethylenebis(Indenyl)-zirconhjm (IV)-trffluoromethanesu]fonate monochloride (Compound No. 
301)] 

1$ The procedure of example 10 was repeated except for dissolving 1 .88 g (4.5 mmol) of ethylenebfsfjnden- 
yl)ztrconium (lv>dichloride in 700 ml of toluene, subjecting the resulting solution to react with 1.17 g of silver 
trifluoromethanesuifonate and recrystallizing the obtained solid with 60 ml of toluene, to obtain 0.44 g of an 
orange crystal (yield: 17 %, melting point: 235 'C (decomposition)). 

The results on the 1 H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 

20 are set forth in Table 1. 

Example 12 

Preparation of bis(cyclopentedIenyl)-zirconium (Iv>(ethoxy)(trifluoromethanesu1fonate) (Compound No. 
25 302)] 

Into a 500 ml glass reactor thoroughly purged with nitrogen were charged 350 ml of dry toluene and 5-27 
g of bts(cydopentadienyl)-2irconlum (IV)-dlch!oride, and they were stirred at room temperature to give a ho- 
mogeneous solution. To the mixed solution was added 1.16 ml of ethyl alcohol and then was further added slow- 

30 ty 3.77 ml of trlethylamine. The temperature of the reaction system was raised to 50 °C. After the reaction of 
1 hour, the reaction system was cooled to room temperature, and the produced salt was removed by means 
of filtration. The filtrate was concentrated at a reduced pressure, and then to the concentrate was added 40 
ml of hexane. The reaction system was cooled to -20 °C, to obtain from the hexane layer 4.00 g of a white plate 
crystal of bls(cyciopentadienyl)-zlrcontum (IV)-(ethoxy)chIoride (yield: 60 %). 

35 into a 500 rrd glass reactor thoroughly purged with nitrogen were charged 200 ml of dry toluene and 4.00 
g of bb(cydopentadlenyl)-zlroonium (IVHethoxy)chlorIde, th*y were stirred at 60 °C to give a homogene- 
ous solution. To the mixed solution was dropwise added 74.4 ml of toluene solution of silver trifluoromethane- 
sulfonate (0.16 mmol/ml) over a period of 1 hour. After the reaction of 1 hour, the reaction liquid was cooled to 
room temperature, and the produced salt was removed by means of filtration. The f titrate was concentrated at 

40 a reduced pressure, and then to the concentrate was. added 50 ml of hexane. The reaction system was coded 
to -20 °C, to obtain from the hexane layer 2.40 g of a white crystal of bis(cydopentadienyi)-z&confum (lv>(et- 
hoxy)(trifluoromethanesutfonate) (yield: 44 %, melting point 99 - 100 °C (decomposition)). 

The results on the 1 H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth in Table 1. 

45 

Example 13 

[Preparation of bis(1,3-dimethy1cyclopentadienyt)-zirconium (IVH^uoromethanesuIfonate)dlmethyta^ 
(Compound No. 303)] 

50 

Into a 500 ml glass reactor thoroughly purged with nitrogen were charged 100 ml of dry hexane and n- 
butyl lithium (hexane solution of 1.62 M, 15.6 ml), and they were stirred at -10 °C. To the reaction liquid was 
added 1 .25 g of dbnethylamlne at -10 °C and stirred for 30 min. The temperature of the reaction system was 
raised to 0 °C. After the reaction of 1 hour, nitrogen was blown into the reaction system to remove the residual 
55 dimethytamine. To the reaction liquid was dropwise added 200 ml of a toluene solution containing 3.66 g of 
bls(1,3-dimemylcycioperttadieny1)-zlrconlum (lv>dichtorlde over a period of 30 min, and the reaction liquid was 
stirred at 0 *C. The temperature of the reaction system was raised to room temperature. After the reaction of 
1 hour, the reaction liquid was heated at 95 °C for 6 hours, and the produced salt was removed by means of 
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ffltratfan. The filtrate was concentrated (about 20 ml). The precipitated solid was filtered, and the obtained 
brown solid was purified by means of saWimation (200 °C, 0.S mmHg). to obtain 0.60 g of a crystal of bis(1,3- 
dimethylcydopentadienyl)-2ircQnium (IV>-(dimethy1amide)chlonde (yield: 18 %). 

Into a 500 ml glass reactor thoroughly purged with nitrogen were charged 100 ml of dry toluene and 1.00 
g of bls(1,3-dimethylcycfopentadienyl>-zlrconium (IV)-(dimethylamide)chtoridd ( and they were stirred at room 
temperature to give a homogeneous solution. To the mixed solution was dropwise added 17.6 ml of toluene 
solution of silver trifluoromethanesulfonate (0,16 mmol/ml) over a period of 30 min. Then, the temperature of 
the reaction system was raised to 60 °C. After the reaction of 1 hour, the reaction liquid was coded to room 
temperature. Then, the produced salt was removed by means of filtration, and the filtrate was concentrated at 
a reduced pressure. Trie concentrate was recrystalltzed with a mixed solvent of toluene/hexane (5ml/1 0ml). to 
obtain 0.66 g of a crystal of b1s(1 t 3-dimethylcyclopentadienyl)-zlrconium (lv>(trifluoromethanesutfonate)dime- 
thylamida (yield: 50 %, melting point: 95 - 97 *C). 

The results on the 'H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth in Table 1. 



Preparation of ethyl enebis(indenyt)-hafnlum (rv>bls(trifluoromethanesu!fonate) (Compound No. 400)] 

The procedure of Example 10 was repeated except for dissolving 0.60 g (1.58 mmof) of ethyfenabis(inden- 
yt)- hafnium (lv>dichloride in 400 ml of toluene, subjecting the resulting solution to react with 0.82 g (3.16 mmol) 
of silver trifluoromethanesulfonate, and recrystallizing the obtained solid with 10 ml of toluene, to obtain 0.45 
g of an yellow green crystal (yield: 39 %, melting point 225 °C (decomposition)). 

The results on the 1 H-NMR spectrum analysis and the elemental analysis of the crystal obtained as above 
are set forth in Table 1. 
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5 Table 1 





Confound 


*H-NMR spectrum 


Elemental Analysis (wt%) 




HO. 


(CDC13 ; ppm) 


Calculated valoe 




10 


100 


2.95<6H, S>, 6.57(10H, S) 


Zr:22.2, SrlS.6 
C1:0 


Zr:21.3, S:14.S 
CKO.l 




101 


2.44C6H. 5), 6.44(10K, S) 
7.28i4H,d,J-8Hx>, 7 .76 (4H,d, J-BHx) 


2r:16.2, S:11.4 
C1:0 


Zr:16.1, 8:11.2 
CK0 . 1 


1$ 


102 


6.56U0H, 5) 


Zr:17.6, S:12.3 
F:21.9, Cl:0 


Zr:17.7, 8:11.6 
F:20.9, CKO.l 




103 


6.50I10H, S) 


£r:22.5, S:7,9 
F:14.0, Cl:B.7 


«r:22.3, 3:7.9 
F;13.1, Cl:8.3 


to 


104 


2.3016H, $), 2.60(12H, 5) 
6.40U0H, .S>, 6.92(4K,.S) 


Zr:14.1, S:10.0 
C1:0 


Zr:14.0, S:10.2 
CKO.l 




200 


2.30I6H, S), 6.30(4H,d, J-2.9Hz) 
6.38l4H,d,J-2.9Hx) 


Zr:l6.7, S;11.7 
F:20.8 f C1:0 


£r:15.4, 8:11.1 
F:18.7, CKO.l 


25 


201 


2.30(6H, S>, 6.30(4H,d,J-2.9Hx) 
6,48{4H,d, J-2.9Hz) 


Zr:21.0, S:7.4 
F;13.1 # C1:B.2 


Zr:20.2, S:7.8 
F:12.B, Cl:8.8 




202 


2.26I12H, S>, 6.24|4H,D,J-2.9H*> 
6.44(2H,br,a) 


Zr:l5.9, S:ll.l 
F:19.8 f C1:0 


Zr:15.4, 8:11.8 
F:19.1, CKO.l 


50 


203 


2.22U2H, 5), 5.90(4H,d,J-2.9Hx) 
6.22(2H,br f 9) 


Zr:19.7, 5:6.9 
F:12.3, Cl:7.7 


Zr:l9.9, 5:6.5 
F:11.3, Cl:8.4 


300 


4.04{4H, S), 6.4B(2H,d,J-3.6Hx) 

6 . B 8 (2H, d, J-3 . 6Hz) # 7 . 20-7 . 80 (8H, m) 


Zr:14.1, 5:9.9 
F:17.7, C1:0 


Zr:13.8, 5:9.6 
F:16.9, CKO.l 




301 


3.78{4H, S), 6.22 (2H,d, J-3,6Hx) 
6.60(2H,d, J»3. 6Kr) , 7.20-7.72 (8H,m) 


Zr:17.1, S:6.0 
F:10. 7, Cl:6.7 


Zr:l6.7, 8:6.3 
F:10.4, Cl:6.9 


35 


302 


1.20(t, 3H), 4.08(q, 2H» 
6.43(3, 10H) 


Zr:21.9, 5:7.7 
F:13.7, C1:0 


2r:21.6, 5:7.3 
F:13.0, CKO.l 




303 


2.0-2,6(m, 18H>, S.7-6.7 (m, 6H) 


21:19,4, S:6.B 
F:12.1, C1:0 


Zr:19.5, 8:6.7 
Ftll. 6, CKO.l 


40 


400 


4.10C4H, S), 6.40{2H # d,J-3.6H*) 
6.80<2H,d, J-3.6MD , 7.20-7.80 (8H, in) 


Kf:24.4, 5:8.7 
F:15.6, C1:0 


Hf;25.1, 8:9.0 
F:14.7, CKO.l 



45 

[Copolymerization of ethylene/propylene] 
so Example 15 

Into a pressure-resistant container of 10 liter were continuously supplied 5 t/hr of hexane. 364 Nl/hrof ethy- 
lene* 336 Nl/hr of propylene, 1.0 mg atom/hr (in terms of aluminum atom) of methylaluminoxane (obtained by 
firmly drying methylaluminoxane of Shellng Co., Ltd. and dissolving it tn toluene) and 4.0 mg atom/hr (in terms 
55 of aluminum atom) of triisobutytaluminum . To the resulting mixture was added 0.0075 mg atom/hr (in terms of 
zirconium atom) of bis(1.3-dimethytcydopentadienyl)-zlrcQnium (IV)-bis(m*fluoromethanesulfonate) (Com- 
pound No. 202), to conduct continuous polymerization reaction under the conditions of a temperature of 60 °C, 
a total pressure of 7.8 kg/cm 2 and a retention time of 1 hour. 
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From the discharged polymer solution was removed hexane by means of steam distillation, and the result- 
ing polymer was dried at 130 °C under a reduced pressure over a period of 1 night, to obtain 450 g of polymer 
per one hour (activity. 56000 g-polymer/mg-atom metal hr). 

Physical properties of the copolymer obtained as above are set forth in Table 2. 

5 

Example 16 

Into a 1 liter glass reactor thoroughly purged with nitrogen was charged 500 ml of purified toluene, and a 
mixed gas of ethylene and propylene (ethylene/propylene: 40/60 % by mo!) was introduced into the reactor with 
10 stirring at 800 r.p.m. to hold the reaction system at 40 °C for 10 hours. Then, into the reactor was charged 1.25 
mg atom (in terms of aluminum atom) of methyialumtnoxane (obtained by firmly drying methylaluminoxane of 
SheHng Co., Ltd. and dissolving it in toluene), and was further charged 0.0005 mg atom (In terms of zirconium 
atom) of bis(1 t 3-d!methylcyciopentadtenyl>-zinx)nium (IV)-trifuloromethanesulfonate monochloride (Com- 
pound No. 203). The polymerization was conducted at 40 °C under e normal pressure for 30 min, then a small 
is amount of isobutanol was added to the reaction system, and the polymerization was terminated. 

After the reaction was complete, the obtained reaction liquid was introduced into an aqueous solution of 
dilute hydrochloric acid to remove catalyst residue. After the concentration of the toluene layer, the concentrate 
was dried at a reduced pressure at 130 °C over a period of 1 night 

Yield and physical properties of the copolymer obtained as above are set forth in Table 2. 

20 

Reference Example 1 

The procedure of example 16 was repeated except for using bis(1,3-d)methylcyclopentadienyl>-2irconlum 
(lV>dichlortde Instead of bb(1,3^imefrytcyclopentadIeny1)-zirconIum (IV)-bis(trifluoromethanesu1fon- 
25 ate)monochloride (Compound No. 203), to perform copolymerizatlon of ethylene and propylene. 
Yield and physical properties of the copolymer obtained as above are set forth in Table 2. 

Example 17 

30 The procedure of Example 16 was repeated except for using bls(cydopentadienyi)- zirconium (IV)-bIs(p- 
toluenesutfonate) (Compound No. 101) instead of bis(1 ,3-dlmemylcyclopentadlenyi)-zfrconfum (Iv>bte(trifluor- 
omethanesulfonate)monochloride (Compound No. 203), to perform copolymerizatlon of ethylene and propy- 
lene. 

Yield and physical properties of the copolymer obtained as above are set forth In Table 2. 

35 

Reference Example 2 

The procedure of Example 16 was repeated except for using zlrconocene dichloride instead of bls(1,3-dt- 
methylcydopentadienyl)-ziroonlum (I\0-b[s(trif1uoromemanesulfortate)monochlor{de (Compound No. 203), to 
<0 perform copolymerlzaHon of ethylene and propylene. 

Yield and physical properties of the copolymer obtained as above are set forth in Table 2. 

Example 18 

45 The procedure of Example 16 was repeated except for using ethylene bis(indenyl)-zirconium (IV>bis(bi- 
fluoromethanesulfbnate) (Compound No. 300) instead of bis(1,3^imethylcydopentadienyl)-zirconlum (IV)- 
bis(trifluoromethanesu!fonate)monochlorlde (Compound No. 203), to perform copdymerfzatfon of ethylene 
and propylene. 

, Yield and physical properties of the copolymer obtained as above are set forth in Table 2. 

50 

Reference Example 3 

The procedure of Example 16 was repeated except for using ethytenebis{]ndenyi)-zirconlum (IV>dchloride in- 
stead of bis(1,3Kfimethylcydc^entadien^^ (Compound 
55 No. 203), to perform copolymerization of ethylene and propylene. 

Yield and physical properties of the copolymer obtained as above are set forth in Table 2. 
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Table 2 





Transi- 


Tri- 


Yield of 


Activity 


Reduced 


Ethylene 




tion 


isobutyl 


Polymer 




Specific 


Content 




Metal 


Aluminum 


<g>. 




viscosity 


(%> 




Compound 








(RSV) 






(Compound 








(dl/g) 






No.) 












Ex. 15 


202 


present 


see text 


56,000 




. 81.0 


Ex. 16 


203 


absent 


12.16 


48,600 


2 .09 


74.1 


Ref .Ex.1 


<*2) 


absent 


10.24 


41,000 


2.64 


79.6 


Ex. 17 


101 


absent 


14.92 


59,640 


0.72 


82.3 


Ref .Ex.2 


<*3) 


absent 


14.21 


56,800 


0.78 


78.8 


Ex. 18 


300 


absent 


27.61 


.110,400 


0.79 


40.4 


Ref .Ex.3 


<*4) 


absent 


20.80 1 


83,200 


0.79 


49.4 



<*1) g polymer /mg atom metal -hr 

<*2) bis (1, 3-dimethylcyclopentadienyl) -zirconium <IV) - 



dichloride 

(*3) 2irconocene dichloride 

( *4 ) ethylenebis (indenyl) -zirconium ( IV) -dichloride 

[Copolymerization of emylene/4-methyM»pentene] 
Example 19 

Into a stainless steer autoclave of 2 titer thoroughly purged with nitrogen were charged 250 ml of hexane 
and 750 ml of 4-methyM-pentene, and the temperature in the autodave was raised to 35 °C. Then, Into the 
autoclave were charged 0.25 mmol of trilsobutyi aluminum, 0.5 mg atom (in terms of aluminum atom) of me- 
thylaluminoxane (obtained by firmly drying methylalumlnoxane of Sheling Co., Ltd, and dissolving It in toluene) 
and 1 x 10- 3 mmol of bis(methy)cydopentadteny1)-zirconium (lv>bte(trif]uoromethanesulfbnate) (Compound 
No. 200). Further, ethylene was introduced into the autoclave to initiate polymerization. Ethylene was contin- 
uously supplied into the autoclave in such a manner that the total pressure was kept at 8 kg/cm 2 gauge, to per* 
form polymerization at 45 °C for 1 hour. 

After the polymerization was complete, a small amount of isobutanol was added to the reaction liquid, and 
the polymerization was terminated. The resulting polymer solution was added to a large excess of methanol 
to precipitate a polymer, and the the polymer was dried at 130 °C under a reduced pressure for 12 hours. 

Yield and physical properties of the copolymer obtained as above are set forth In Table 3. 
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Example 20 

The procedure of Example 19 was repeated except for not using the tritsobutyl aluminum, to perform co- 
polymerizalion of ethylene and 4-methyM-pentene. 
5 Yield and physical properties of the copolymer obtained as above are set forth in Table 3. 

Reference Example 4 

The procedure of Example 20 was repeated except for using zlrconocene dlchloride instead of bts(methyk 
10 cydopentadienyi)-zirconiurn (IV>-bls<tiffiuoromethanesulfonate) (Compound No. 200), to perform copolymer- 
Ization of ethylene and 4-methyM-pentene. 

Yield and physical properties of the copolymer obtained as above are set forth In Table 3. 



Table 3 



20 



35 





Transi- 


Tri- 


Yield of 


Activity 


HFR 


Density 




tion 


isobutyl 


Polymer 


<*1) 


(g/lOmin) 


ig/ao?) 




Metal 


Aluminum 


eg) 










Compound 














(Compound 














NO.) 












Ex. 19 


200 


present 


34.0 


34,000 


0.56 


0.901 


Ex. 20 


200 


absent 


3.0 


3,000 


0.81 


0.900 


Ref .Ex.4 


<*2) 


absent 


2.9 


2,900 


0.82 


0.910 



(*1) g polymer/mg atom metal -hr 



(*2) zlrconocene dlchloride 

40 

[Copolymertzatlon of ethylene propytene/ethyfldene norbornene] 
Example 21 

45 Into a 500 ml glass reactor thoroughly purged with nftrogen was charged 250 ml of purified toluene, and 
a mixed gas of ethylene and propylene (ethylene/propylene = 140 (l/hr) / 60 (I/hr)) was introduced Into the re- 
actor. Further, 0.3 ml of 5-ethytldene-2-norbornene was charged into the reactor, and the reaction system was 
. kept at 10 °C for 10 minutes with stirring the mixture In the reactor at 2,000 r.pm Then, Into the reactor was 
charged 1.0 mg atom (in terms of aluminum atom) of methyfaluminoxane (obtained by firmly drying methyla- 
so luminoxane of Sheling Co., Ltd. and dissolving it in toluene), and was further charged 0.005 mg atom (in terms 
of zirconium atom) of ethylenebis(indenyl)-zErconium (Iv>bb(trffluororneth8nesulronate) (Compound No. 300). 
The polymerization was conducted at 10 °C under a normal pressure for 30 rrtln, then a small amount of iso- 
butanol was added to the reaction system, and the polymerization was terminated. 

After the reaction was complete, the obtained reaction liquid was Introduced into an aqueous solution of 
55 dilute hydrochloric add to remove catalyst residue. After the concentration of the toluene layer, the concentrate 
was dried at 130 °C under a reduced pressure over a period of 1 night 

The yield of the obtained copolymer was 26 g (polymerization activity: 10.400 g polymer/mmof-Zr hr). 
The ethylene content In the copolymer was 65.5 %, RSV thereof was 1 .01 d/g, and the iodine value thereof 
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was 3.5. 

Reference Example 5 

The procedure of Example 21 was repeated except for using ethytenebis(mdenyl}-ziroonium (lv>dich!oride 
instead of ethylenebis(lndenyt)-zirconium (I V>b^tnTIuoromethanesulfonate) (Compound No. 300). to copoly- 
mers ethylene, propylene and norbornene. 

The yield of the obtained copolymer was 23.7 g (polymerization activity: 9,640 g pdymer/mmol-Zrhr). 

The ethylene content In the copolymer was 64.9 %, RSV thereof was 1 .09 dl/g, and the Iodine value thereof 
was 3.6. 

[Polymerization of ethylene] 
Example 22 

Into a 1 liter glass flask thoroughly purged with nitrogen was charged 400 ml of purified toluene, and the 
reaction system was kept at 75 °C for 10 min with introducing ethylene in an amount of 100 1/hr. 

Then, into the flask was charged 0.8 mg atom (In terms of aluminum atom) of methylaluminoxane (obtained 
by firmly drying methylaluminoxane of Shellng Co., Ltd. and dissolving it in toluene), and was further charged 
0.0004 mg atom (in terms of zirconium atom) of bis(cydopentadienyl)-zirconlum (lv>bls(trffluoromethanesul- 
fonate) (Compound No. 102). The polymerization was conducted at 75 °C for 5 min, then a small amount of 
isobutanot was added to the reaction system, and the polymerization was terminated. 

To the obtained polymer suspension was added a small amount of dilute hydrochloric add, and the resulting 
suspension was f fltered to remove the n-decane solvent. The resultant was washed with hexane and dried at 
80 °C over a period of 1 day and night 

The yield of the obtained polyethylene was 6.37 g, and the polymerization activity thereof was 1 91 .1 00 g 
polymer/mmol-Zrhr. 

Reference Example 6 

The procedure of Example 22 was repeated except for using zirconocene dlchtoride Instead of bis(cydo- 
pentadienyQ-ztrcontum (IV)-bls(bifluoromethanesulfonate) (Compound No. 102), to polymerize ethylene. 

The yield of the obtained polyethylene was 6.30 g, and the polymerization activity thereof was 169,000 g/ 
mmol-Zr-hr 

Reference Example 7 

The procedure of Example 22 was repeated except for using [CpaZrtCFjSOJtbipyjrCFjSOj- synthesized 
by a process described In "Journal of Organometallic Chemistry", 363 (1989), C12-C14 instead of bis(cydo- 
pentadienyt)-zirconlum (IV>bis(trifluoromethanesuifonate) (Compound No. 102), to polymerize ethylene. 

The yield of the obtained polyethylene was 0.19 g, and the polymerization acbvtty thereof was 12,000 g/ 
mmd-Zrhr. 

As Is apparent from the above results, the ethylene pdymerization activity of the compound having coor- 
dinated 2.2*-dipyridine is lower than the compound (Compound No. 102) having no coordinated 2,2'-dlpyridIne. 

Example 23 

A process for preparing a support type catalyst maintaining excellent suspension condition for a long period 
of time and a pdymerization process were adopted in order to examine polymerization activities lasting for a 
long period of time. 

Water was adsorbed on 5.5 wt% of extremely fine silica (obtained by firing F-946 of Fuji Dhnson Co., Ltd. 
at 700 °C for 7 hours), and thus treated silica was caused to contact with 1/2 mol of afumlnoxane (obtained by 
firmly drying methylaluminoxane of Sheling Co., Ltd. and dissolving it in toluene) In tduene at 80 °C for 3 hours 
to support aluminoxane on the silica The resulting product was used as an aluminoxane component 

Into a 1 1ter glass flask thoroughly purged with nitrogen was charged 1 liter of purified n-decane, and the 
reaction system was kept at 75 °C for 10 minutes with introducing hydrogen In an amount of 0.3 - 2 I/hr and 
ethylene In an amount of 250 1/hr. 

Then, into the flask ware charged 0.5 mg atom (in terms of aluminum atom) of triisobutyl aluminum, 5.0 
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mg atom (in terms of aluminum atom) of the above-obtained aluminoxane component, and 0.02 mg atom (in 
terms of zirconium atom) of bls(cydopentadtenyl)-zirconium (IV)-bls(methanesulfonate) (Compound No. 100). 
The polymerization was conducted at 75 °C for 2 hours, then a smaO amount of isobutanol was added to the 
reaction system, and the polymerization was terminated. 
5 To the obtained polymer suspension was added a small amount of dBute hydrochloric acid, and the resulting 
suspension was filtered to remove the n-decane solvent The resultant was washed with hexane and dried at 
80 °C over a period of 1 day and night 

The yield of the obtained polyethylene was 8.8 g, the polymerization activity thereof was 220 g polymer/ 
mmol-Zr hr, and MFR thereof was 0.45 g/10min. 

10 

Examples 24 -27 

The procedure of Example 23 was repeated except for using transition metal compounds set forth in table 
4 instead of bis(cyclopentadienyi)-zlrconlum (lv>bls(methanesurfonate) (Compound No. 100), to polymerize 
j5 ethylene. 

Yields and physical properties of the obtained polymers are set forth In Table 4. 
Reference Examples 8-11 

20 The procedure of example 23 was repeated except for using zirconium compounds set forth in table 4 In- 
stead of bis(cydopentadienyl)-zirconlum (IV)-bls(methanesutfonate) (Compound No. 100), to polymerize ethy- 
lene. 

Yields and physical properties of the obtained polymers are set forth in Table 4. 

25 



30 



40 



45 



55 
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Table 4 



5 




Transition 


Yield of 


Activity 


MFR 






Metal 


Polymer 


<*U 


(g/10rain) 


10 




Compound 
< Compound 
No.) 


(g) 






15 


Ex. 24 


200 


15.4 


385 


0.80 




Ex. 25 


201 


18.0 


448 


1.00 


20 


Ex. 26 


203 


56.7 


l r 414 


1.71 


Ex. 27 


300 


58.6 


1,465 


<0.1 




Ref. Ex. 8 


(*2) 


14.7 


370 


3.05 


25 


Kef. Ex. 9 


(*3) 


12.5 


310 


0.59 




Ref. Ex. 10 


<*4) 


45.7 


1,140 


1.38 




Ref. Ex. 11 


(*5) 


49.0 


1,230 


1.16 



30 

(*1) g polymer/mg atom metal -hr 

(*2) zirconocene dichloride 

x (*3) bis (roethylcyclopentadienyl) -zirconium (IV)- 



dichloride 

(*4> bis (1, 3-dimethylcyclopentadienyl) -zirconium (IV)- 
40 dichloride 

<*5) ethylenebis (indenyl) -zirconium (IV) -dichloride 

45 

polymerization of propylene] 
Example 28 

so " Into a 1 liter glass flask thoroughly purged with nitrogen was charged 500 ml of purified toluene. Propylene 
(1 00 imr) was further introduced Into the flask, and the reaction system was kept at 30 °C for 10 ml with stirring 
at 800 r.p.m. Then, into the flask was charged 2.5 mg atom (In terms of aluminum atom) of methylaluminoxane 
(obtained by firmly drying methylaluminoxane of Sheling Co,, Ltd. and dissolving it in toluene), and was further 
charged 0.02 mg atom (in terms of zirconium atom) of bis(methylcydopentad!enyl)-z[rconium (IV>bis(bffluor- 

55 omethanesulfonate) (Compound No. 200). The polymerization was conducted at 30 °C under a normal pressure 
for 2 hours, then a small amount of isobutanol was added to the reaction system, and the polymerization was 
terminated. 

After the reaction was complete, the obtained reaction liquid was introduced into an aqueous solution of 
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dilute hydrochloric acid to remove catalyst residue. After the concentration of the toluene layer, the concentrate 
was dried at 130 °C under a reduced pressure over a period of 1 night 

Yield and physical properties of the obtained polymer are set forth in Table 5. 

Examples 29 - 31 

The procedure of Example 28 was repeated except for using transition metal compounds set forth in Table 
5 instead of bis(cydopenUdlenyt>-zirconium (IV)-bis(trifluoromemanesulfonate) (Compound No. 200), to poly- 
merize propylene. 

Yields and physical properties of the obtained polymers are set forth in Table 5. 
Example 32 

The procedure of Example 28 was repeated except for using 0.005 mg atom (in terms of zirconium atom) 
of emyienebis(indenyt>-zirconlum(IV)-bis(tr^IuQromethanesulfonate) (Compound No. 300) instead of bis(me- 
thylcyclopentadienyi)-zirconium (IV)-bts(trifluoromethanesulf6nate) (Compound No. 200), using 0.5 mg atom 
(in terms of aluminum atom) of aluminoxane, additionally using 0.5 mg atom (in terms of aluminum atom) of 
trftsobutyl aluminum, and varying the polymerization temperature to 70 °C, to polymerize propylene. 

Yield and physical properties of the obtained polymer are set forth In Teble 5. 

Example 33 

The procedure of Example 32 was repeated except for not using triisobutyi aluminum, to polymerize pro- 
pylene. 

Yield and physical properties of the obtained polymer are set forth In Table 5. 
Reference Examples 12-13 

The procedure of Example 28 was repeated except for using zirconium compounds set forth In Table 5 
instead of bis(memy1cydopentadienyl)-zirconium (rv>bls(trifluoromethanesu)fon8te) (Compound No. 200), to 
polymerize propylene. 

Yields and physical properties of the obtained polymers are set forth in Table 5. 

Reference Example 14 

The procedure of Example 28 was repeated except for using ethy1enebis{indenyl)-zirconium(IV)-dlchtoride 
instead of bls(memy)cydopentadienyl)-zirconrum (IV)-bls(blfluoromethanesuffonate) (Compound No. 200) and 
varying the polymerization temperature to 70 °C t to polymerize propylene. 

Yield and physical properties of the obtained polymer are set forth in Table 5. 
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5 Table 5 







Transi- 


Tri- 


Yield of 


Activity 


Intrinsic 


Tacti- 


10 




tion 


isobutyl 


Polymer 


<*1) 


Viscosity 


city 






Metal 


Aluminum 


(9) 




W 








Compound 








(dl/g) 


triad 


13 




(Compound 
No.) 










frac- 
tions) 




Ex. 28 


200 


absent 


29.1 


1,455 


0.05 




20 


Ex. 29 


201 


absent 


29.9 


1,485 


0.06 






Ex. 30 


300 


absent 


191.6 


9,560 


0.43 


92.5 




Ex. 31 


400 


absent 


11.4 


570 


2.05 


92.0 


25 


Ex. 32 


300 


present 


12.7 


2,540 


0.19 






Ex. 33 


300 


absent 


5.1 


1,020 


0.10 


92.5 




Re£.Exl2 


<*2) 


absent 


21.1 


1,055 


0.05 




30 


ftef .Exl3 


<*3) 


absent 


137.2 


6,860 


0.47 


92.2 




Ref .EX14 


<*3> 


absent 


3.6 


729 


0.10 


92.0 



9 polymer /rag atom metal *hr 

35 

(*2) bis (methylcyclopentadienyl) -zirconium (IV)- 
dichloride 

(*3) ethy lenebl s (indenyl) -zirconium (IV) -di chloride 

40 



4S Examples 34 - 36 

The procedure of Example 28 was repeated except for using bte(cydopentadienyl)-zirconium (lv>bls(tri- 
ftuoromethanesutfonate) (compound No. 102) instead of bi8(m8thyJcydopentadienyl>-zircon!um (IV>bls(trt- 
fluoromethanesulfonate) (Compound No. 200), and using methytalumlnoxane (MAO) in concentrations set 
so forth in table 6, to polymerize propylene. 

Yields and physical properties of the obtained polymers are set forth In Table 6. 

Reference Example 15 

55 The procedure of Example 29 was repeated except for using [CpjZiXCFaSOiXbipy^CFjSOj- synthesized 
by a process described In "Journal of Organometaiiic chemistry", 363 (1989), C12-C14 instead of bis(methyt- 
cydopentadieny1)zirconium (IV)-bis(trifluoromethanesutfonate) (Compound No. 200), to polymerize propylene. 
The yield of the obtained polypropylene was not more than 0.01 g, and the polymerization activity thereof 
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was hardly observed. 

As is apparent from the above results, the propylene polymerization activity of the compound having co- 
ordinated ^-dipyridlne is lower than the compound (Compound No. 102) having no coordinated 2,2'-dipyri- 
dine. 

5 

Reference Examples 16 » 1B 

The procedure of any of example 34 to 36 was repeated except for using CpjZr^CFjSO^fTHF) synthesized 
by a process described in "Journal of Organometailic chemistry", 363 (1969), C12-C14 instead of bis(cyclo- 
10 pentadienyO-zirconium (lv>bifi{trifluoromethanesulfonate) (Compound No. 102), to polymerize propylene. 

Yields and physical properties of the obtained polymers are set forth in Table 6. 

As is apparent from the results set forth in table 6, the propylene polymerization activity of the compounds 
having coordinated THF is lower than the compound (compound No. 102) having no coordinated THF. 

is 

Table 6 



20 


Example 


MAO 

Concent raton 


yield of 
Poymer 


Polymerization 
Activity 

( 9 " ) 






<mmol/l) 


«*) 


x mq atom 2r*hr 7 


25 


Ex. 34 


1 


6.0 


300 




Ex. 35 


3 


22.1 


1,105 




Ex. 36 


5 


24.5 


l r 225 


30 


Ref. Ex. 16 


1 


1.6 


80 




Ref. Ex. 17 


3 


15.9 


795 


J5 


Ref. Ex. 16 


5 


19.8 


990 



Carrier-support type catalyst 
40 [Polymerization of ethylene] 
Example 37 

preparation of water-adsorbed silica] 

45 

Into a quartz tube having an Inner diameter of 45 mm equipped In an electric furnace was charged 150 g 
of silica (F-948. ava9abte from Fuji Dlvlson Co., Ltd.), and the silica was dried at 200 °C for 4 hours In a stream 
of nitrogen and further dried at 700 °C for 7 hours. 

, ;Then, into a 500 mi egg-plant type flask was charged 30 g of the above-obtained dry sQica, and to the silica 
50 was added 1 .8 ml of water in an atmosphere of nitrogen. The flask was rotated for 1 hour to stir the contents, 
to obtain water-adsorbed silica. 

When 20 g of the water-adsorbed silica was dried at 200 °C for 4 hours in an atmosphere of nitrogen, 1 .14 
g of loss In weight was confirmed. Accordingly, water content in the water-adsorbed sOlca was 5.70 wt%. 

55 [Supporting of alumlnoxane] 

Into a 400 ml glass flask purged with nitrogen were charged 85 ml of toluene and 65.2 ml of an organoa- 
tumtnum oxy-oompound (obtained by firmly drying methylaluminoxane of Sheling Co., Ltd. and dissolving it in 
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toluene; Al concentration; 1.15 mol/l), and the temperature of the reaction system was set to 0 °C with stirring. 
To the reaction liquid was added 9.0 g of the above-obtained water-adsorbed silica over a period of 30 min. 
Thereafter, the reaction was conducted at 20 - 25 °C for 1 hour and then further conducted at 80 °C for 3 hours. 
Thus, alumtnoxane-supported silica was obtained. 

5 

[Supporting of zirconium compound] 

Into a 50 ml glass flask purged with nitrogen were charged 10 mmol (in terms of aluminum atom) of the 
above-obtained aluminoxane-supported silica and 0.04 mmol (In terms of zirconium atom) of bis(methylcydo- 
w pentad ienyt)-zfrconium (IV)-bis(triftuoromethanesuIfonate) (Compound No. 200) obtained In Example 2, and 
they were stirred at 30 °C for 2 hours, to obtain a support type catalyst. 

polymerization] 

15 Into a 1 liter glass flask thoroughly purged with nitrogen was charged 1 liter of n-decane, and the reaction 
system was kept at 75 °C for 1 0 min. With introducing hydrogen in an amount of 1 l/hr and ethylene in an amount 
of 250 l/hr. 

Then, into the flask were charged 0.5 mg atom (in terms of aluminum atom) of triisobutyl aluminum and 
0.02 mg atom (in terms of zirconium atom) of the above-obtained support type catalyst The polymerization 
20 was conducted at 75 °C for 2 hours, then a small amount of isobutanol was added to the reaction system, and 
the polymerization was terminated. 

Yield and physical properties of the obtained polymer are set forth in Table 7. 

Example 38 

zs 

The procedure of Example 37 was repeated except for using bis(methylcycJopentadienyl>-zirconium (IV)- 
trifluoromethanesuifonate monochloride (Compound No. 201) instead of bls(methylcydopentadieny1)-zIrconl- 
um (IV)-bls(trffluoromethanesutfonate) (Compound No. 200), to polymerize ethylene. 

Yield and physical properties of the obtained polymer are set forth in Table 7. 

30 

Reference Example 19 

The procedure of Example 37 was repeated except for using bls(cydopentadIenyt)-zJrconIum (IV)-dlchlor- 
Ide Instead of bls(methytcyclopentadieny1)-zirconium OV)-bis(trifluoromethanesulfonate) (Compound No. 200) 
35 and not using triisobutyl aluminum, to polymerize ethylene. 

Yield and physical properties of the obtained polymer are set forth in Table 7. 

Example 39 

40 The procedure of Example 37 was repeated except for using bts(1 ,3-dimethytcydopentadienyl>-zlrconIum 
(lv>trifluoromethanesu(fonate monochloride (Compound No. 203) Instead of bis(methytcydopentadienyl)-zir- 
conium (lv>bis(trifluoromethanesu(fonate) (Compound No. 200), to polymerize ethylene. 
Yield and physical properties of the obtained polymer are set forth in Table 7. 

45 Example 40 

The procedure of Example 37 was repeated except for using bts(1 t 3-dlmethytcydopentadlenyi)-zirconium 
(IV)-bis(tnfluoromethanesuIfonate) (Compound No. 202) instead of bis(methytcydopentadienyt)-zirconium 
(I\^-bis(trtfluoromethanesulfonate) (Compound No. 200), to polymerize ethylene. 
so Yield and physical properties of the obtained polymer are set forth in Table 7. 

Reference Example 20 

The procedure of Example 37 was repeated except for using bls(1 ,3-dimethy1cydopentadienyl)-zirconium 
£5 (lV}-dichloride instead of bis(methylcydopentadienyl)-zirconium (IV>bis(trifluoromethanesulfonate) (Com- 
pound No. 200) and not using triisobutyl aluminum, to polymerize ethylene. 
Yield and physical properties of the obtained polymer are set forth in Table 7. 
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Example 41 

The procedure of Example 37 was repeated except for using ethylene bis(indenyO-zirconfum (IV)-bis(trt- 
fluoromethanesulfonate) (Compound No. 300) instead of bis(methylcydopentadlenyl)-zirconium (IV)-bts(b> 
5 fluoromethanesulfonats) (Compound No. 200), to polymerize ethylene. 

Yield and physical properties of the obtained polymer are set forth in Table 7. 

Reference Example 21 

to The procedure of Example 37 was repeated except for using ethylenebIs(indenyl>-zirconrum (TVHtfchloride 
Instead of bis(methylcydopentadienyl)-zlrconIum 0V)-bis(trffItioromethartesulfonate) (Compound No. 200) and 
not using tritsobutyl aluminum, to polymerize ethylene. 

Yield and physical properties of the obtained polymer are set forth in Table 7. 

15 Table 7 
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(*3) ethylenebis (indenyl) -zirconium < IV) -dichloride 

35 




EP 0 519 746 A1 

polymerization of propylene] 
Example 42 

5 Into a 400 ml glass flask thoroughly purged with nitrogen were charged 125 ml of toluene and 74.6 ml of 
a toluene solution of organoatuminum oxy-compound (obtained by firmly drying methylaluminoxane of Sheiing 
Co., Ltd. and dissolving it In toluene; Al concentration: 1.34 mol/I), and the reaction system was cooled to 0 °C. 
To the solution was added dry sffica (obtained by drying F-948 of Fuji Dtvlson Co., Ltd. Dried at 130 °C and 5 
mmHg for 5 hours by means of an evaporator; content of hydroxy! group: 2.7 wt%) Over a period of 30 min. 

io During this process, the reaction system was kept at 0 *C. Thereafter, the reaction was conducted at room tem- 
perature for 1 hour and then further conducted at BO °C for 3 hours. 30 ml of the obtained suspension (Al: 15 
mmol) was placed In other glass flask, and to the suspension was added 26.0 ml (0.06 mmoi) of a toluene sol- 
ution or ethylenebis(indenyl)-zirconrum (IV)-bis(u1f luororriethanesutfonate) (Compound No. 300) (Zn 0.00231 
mol/I), and the resulting suspension was stirred for 5 min. Then, the toluene solution was removed from the 

15 suspension by means of decantation and replaced with n-hexane, to obtain a solid catalyst It was confirmed 
from the elemental analysis that zirconium was completely supported on silica. 

Into a 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged 1 50 g of sodium chloride 
(special grade, available from Wako Junyaku Co., Ltd.), and the sodium chloride was dried at 90 °C under a 
reduced pressure for 1 hour. The pressure in the autoclave was returned to a normal pressure by Introduction 

20 of propylene gas, and the temperature of the reaction system was set to 50 °C. Then, into the autoclave were 
added 0.01 mg atom (in terms of zirconium atom) of the above-obtained solid catalyst and 0.5 mmol of triisobutyi 
aluminum, followed by Introducing propylene gas to increase a total pressure to 7 kg/cm^G, so as to Initiate 
polymerization. Further, only propylene gas was replenished into the autoclave to keep the total pressure at 7 
kg/cm^O, and the polymerization was conducted at 50 °C for 1 hour. 

25 After the polymerization was complete, the reaction liquid was washed with water to remove sodium chlor- 
ide, and the remaining polymer was washed with methanol. Thereafter, the obtained polymer was dried at 80"C 
under a reduced pressure over a period of 1 night 

As a result, 16.4 g (polymerization activity: 1,840 gPP/mmol-Zr hr) of a propylene polymer having an In- 
trinsic viscosity (n) of 0.31 dl/g and a bulk specific gravity of 0.245 g/cm 3 was obtained. 

30 

Example 43 

The procedure of Example 42 was repeated except for not using triisobutyi aluminum, to polymerize pro- 
pylene. 

35 As a result. 17.8 g (polymerization activity: 1 .780 gPP/mmol-Zrhr) of a propylene polymer having an In- 
trinsic viscosity (n) of 0.25 dl/g and a bulk specific gravity of 0.226 g/cm 3 was obtained. 

Reference Example 22 

40 The procedure of Example 42 was repeated except for using eftylenebls(indenyt)-zirconajm (tv>dlchIorlde 
Instead of ethytenebls(indenyl)-zlrconium QV)-bis(trifluoromethanesutfonate) (Compound No. 300) and not us- 
ing triisobutyi aluminum, to polymerize propylene. 

As a result, 12.8 g (polymerization activity: 1,280 gPP/mmol-Zrhr) of a propylene polymer having an in- 
trinsic viscosity (n) of 0.32 dl/g and a bulk specific gravity of 0.185 g/cm 3 was obtained. 

45 The results are set forth in Table 8. 
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polymerization of ethytene/butene] 
30 Example 44 

Into a 400 ml glass flask thoroughly purged with nitrogen were charged 125 ml of toluene and 74.6 ml of 
a toluene solution of organoalumtnum oxy-compound (obtained by firmly drying methylaiuminoxane of Sheling 
Co., Ltd. and dissolving It In toluene; Al concentration: 1.34 mol/I). and the reaction system was cooled to 0 °C. 

35 To the solution was added dry silica (obtained by drying F-946 of Fuji Dlvlson Co., Ltd. Dried at 130 B C and 5 
mmHg for S hours by means of an evaporator; content of hydroxy! group: 2.7 wt%) over 30 mln. During this 
process, the reaction system was kept at 0 °C, Thereafter, the reaction was conducted at room temperature 
for 1 hour and then further conducted at 60 °C for 3 hours. 

30 ml of the obtained suspension (Al: 15 mmoi) was placed in other glass flask, and to the suspension 

40 was added 4.7 ml (0.30 mmoi) of a toluene solution of bls(methytcydop^ntadienyl)*zlrconlum (lV>bIs(trifluor- 
omethanesulfonate) (Compound No, 200) (Zr 0.0635 mot/1), and the resulting suspension was stirred for 5 mln. 
Then, the toluene solution was removed from the suspension by means of decantatton and replaced with n- 
hexane, to obtain a solid catalyst It was confirmed from the elemental analysis that zirconium was completely 
supported on silica. 

45 Into a 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged 1 50 g of sodium chloride 
(special grade, available from Wako Junyaku Co., Ltd.), and the sodium chloride was dried at 60 °C under a 
reduced pressure for 1 hour. The pressure in the autoclave was returned to a normal pressure by introduction 
of a mixed gas of ethylene and 1-butene (content of 1-butene: 5.9 % by moi), and the temperature of the reaction 
system was set to 75 °C. Then, to the autoclave were added 0.01 mg atom (in terms of zirconium atom) of the 

eo above-obtained solid catalyst and 0.5 mmoi of triisobutyi aluminum, followed by introducing 50 Nml of hydrogen 
and the above mixed gas of ethylene and 1-butene to increase a total pressure to 8 kg/cm^G, so as to Initiate 
polymerization. The temperature of the reaction system was Immediately raised to 80 e C. Further, only the 
mixed gas was replenished into the autoclave to keep the total pressure at 8 kg/cmP-G, and the polymerization 
was conducted at 60 °C for 1 hour. 

55 After the polymerization was complete, the reaction liquid was washed with water to remove sodium chlor- 
ide, and the remaining polymer was washed with methanol. Thereafter, the obtained polymer was dried at 80°C 
under a reduced pressure over 1 night 

As a result, 49.6 g (polymerization activity: 4,960 g pdymer/mmol-Zrhr) of an ethylene/butene polymer hav- 
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ing MFR (measured under a load of 2.16 kg at 190 °C) of 2.70 g/10mirt, a bulk specific gravity of 0.307 g/cm* 
and a density of 0.924 g/cm 3 was obtained. 

Example 45 

The procedure of Example 44 was repeated except for not using trfisobutyl aluminum and introducing 20 
Nml of hydrogen into the autoclave, to perform copolymarteation of ethylene and butane. 

As a result, 1 5.9 g (polymerization activity: 1 ,590 g pdymer/mmol-Zrhr) of an ethytene/butene polymer hav- 
ing MFR (measured under a load of 2.16 kg at 190 °C) of 2.57 g/IOmin, a bulk specif te gravity of 0.200 g/cm* 
and a density of 0.933 g/cm 3 was obtained. 

Reference Example 23 

The procedure of Example 44 was repeated except for using bis(methylcydopentadlenyl>-z[rconium (lv> 
dichioride instead of bis(methylcyclopentadtenyt)-zlrconium (IV)-bis(biftuoromethanesuifonate) (Compound 
No. 200) and not using trilsobutyl aluminum, to perform copofymerization of ethylene and butene. 

As a result, 1 0.5 g (polymerization activity: 1,050g polymer/minol-Zr hr)of an ethytene/butene polymer hav- 
ing MFR (measured under a load of 2.16 kg at 190 °C) of 51 .2 g/10mln, a bulk specific gravity of 0.096 g/cm 9 
and a density of 0.942 g/cm 9 was obtained. 

The results are set forth in Table 9. 
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Polymerization of propylene] 
Example 46 

Into a 400 ml glass flask thoroughly purged with nitrogen were charged 125 ml of toluene and 74.6 ml of 
a toluene solution of organoaluminum oxy-compound (obtained by firmly drying methylaiumlnoxane of Shellng 
Co., Ltd. and dissolving it in toluene; A) concentration; 1.34 mol/l) ( and the reaction system was cooled to 0 °C. 
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To the solution was added dry sflica (obtained by drying F-948 of Fuji Divison Co., Ltd. dried at 130 °C and 5 
mmHg for 5 hours by means of an evaporator, content of hydroxy! group: 2.7 wt%) over 30min, During this 
process, the reaction system was kept at 0 °C. Thereafter, the reaction was conducted at room temperature 
for 1 hour and then further conducted at 80 °C for 3 hours. 

5 40 ml of the obtained suspension was placed in other 400 ml glass flask, and to the suspension were added 
150 ml of hexane, 34.6 ml (0.08 mmol) of a toluene solution of ethylenebls(indenyl)-zirconturn (lV>bis(trifluor- 
omethanesulfonate) (Compound No. 300) (Zr. 0.00231 mot/1) and 1.0 ml of triisobutyl aluminum (Al: 1.0 moM), 
and the resulting suspension was stirred for 5 mln. Thereafter, ethylene gas (normal pressure) was continu- 
ously introduced into the flask to perform prepolymerization at 30 Q C for 1 .5 hours. The polymerization reaction 

10 liquid was filtered over a G-3 filter, and the resultant was washed with 200 ml of n-hexane. The same washing 
was repeated three times, to obtain a solid catalyst containing 1.4 mg of zirconium and 1.5 g of polyethylene, 
based on 1 g of silica. For the subsequent polymerization, a suspension obtained by resuspendlng this solid 
catalyst was employed. 

Into a 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged 1 50 g of sodium chloride 
is (special grade, available from Wako Junyaku Co., Ltd.), and the sodium chloride was dried at 90 *C under a 
reduced pressure for 1 hour. The pressure in the autoclave was returned to a normal pressure by introduction 
of propylene gas, and the temperature of the reaction system was set to 50 °C. Then, into the autoclave were 
added 0.01 mg atom (in terms of zirconium atom) of the above-obtained solid catalyst and 0.5 mmol of triisobutyl 
aluminum, followed by introducing propylene gas to increase a total pressure to 7 kg/cm^G, so as to Initiate 
20 polymerization. Further, only propylene gas was replenished Into the autoclave to keep the total pressure at 7 
kg/cm*-G, and the polymerization was conducted at 50 °C for 1 hour. 

After the polymerization was complete, the reaction liquid was washed with water to remove sodium chlor- 
ide, and the remaining polymer was washed with methanol. Thereafter, the obtained polymer was dried at 80°C 
under a reduced pressure over 1 night 
25 As a result, 53.5 g (polymerization activity: 5,350 gPP/mmol-Zr-hr) of a propylene polymer having an In- 
trinsic viscosity ft) of 0.33 dl/g and a bulk specific gravity of 0.390 gjcm 3 was obtained. 

Example 47 

30 The procedure of Example 46 was repeated except for not using triisobutyl aluminum in the polymerization, 
to polymerize propylene. 

As a result, 41.5 g (polymerization activity: 4,150 gPP/mmot-Zr hr) of a propylene polymer having an In- 
trinsic viscosity ft) of 0.30 dl/g and a bulk specific gravity of 0.352 g/cm 3 was obtained. 

35 Reference Example 24 

Into a 400 ml glass flask thoroughly purged with nitrogen were charged 125 ml of toluene and 74.6 ml of 
a toluene solution of organoalumfnum oxy-compound (obtained by firmly drying methytaluminoxane of Shellng 
Co., Ltd. and dissolving ft In toluene; Al concentration: 1.34 mol/l), and the reaction system was cooled to 0 °C. 

40 To the solution was added dry sflica (obtained by drying F-948 of Fuji Dhrtson Co., Ltd. dried at 130 »C and 5 
mmHg for 5 hours by means of an evaporator; content of hydroxy! group: 2.7 wt%) over 30 mln. During this 
process, the reaction system was kept at 0 °C. Thereafter, the reaction was conducted at room temperature 
for 1 hour and then further conducted at 80 °C for 3 hours. 

30 ml of the obtained suspension (A); 15 mmol) was placed in other glass flask, and to the suspension 

45 was added 26.0 ml (0.06 mmol) of a toluene solution of ethylenebts(indenyl)zirconium (IV)-dichloride (Zr. 
0.00231 mol/l), and the resulting suspension was stirred for 5 mln. Then, the toluene solution was removed 
from the suspension by means of deeantatton and replaced with n-hexane, to obtain a solid catalyst It was 
confirmed from the elemental analysis that zirconium was completely supported on silica. 

; Into a 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged 1 50 g of sodium chloride 

so (special grade, available from Wako Junyaku Co., Ltd.), and the sodium chloride was dried at 90 °C under a 
reduced pressure for 1 hour. The pressure In the autoclave was returned to a norma) pressure by introduction 
of propylene gas. and the temperature of the reaction system was sat to 50 °C. Then, to the autoclave was 
added 0.01 mg atom (in terms of zirconium atom) of the above-obtained solid catalyst, followed by Introducing 
propylene gas to Increase a total pressure to 7 kg/cm^G, so as to initiate polymerization. Further, only propy- 

5$ lene gas was replenished into the autoclave to keep the total pressure at 7 kg/cm*-G, and the polymerization 
was conducted at 50 °C for 1 hour. 

After the polymerization was complete, the reaction liquid was washed with water to remove sodium chlor- 
ide, and the remaining polymer was washed with methanol. Thereafter, the obtained polymer was dried atB0°C 
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under a reduced pressure over 1 night 

As a result, 17.8 (polymerization activity. 1,780 gPP/mmol-Zrhr) g of a propylene polymer having an In- 
trinsic viscosity fa) of 0.25 <fl/g and a bulk specific gravity of 0.226 g/cm* was obtained. 

The results are set forth in Table 10. 

5 

Table 10 
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[Copolymerization of ethyiene/butene] 
35 Example 48 

Into a 400 ml glass flask thoroughly purged with nitrogen were charged 125 ml of toluene and 74.6 ml of 
a toluene solution of organoaluminum oxy-compound (obtained by firmly drying methyfaJumlnoxane of Sheling 
Co., Ltd. and dissolving it In toluene; Al concentration: 1 .34 mot/1), and the reaction system was cooled to 0 °C. 

40 To the solution was added dry sDtca (obtained by drying F-948 of Fuji Divison Co., Ltd. dried at 130 °C and 5 
mmHg for 5 hours by means of an evaporator; content of hydroxy! group: 2.7 wt%) over 30 mln. During this 
process, the reaction system was kept at 0 °C. Thereafter, the reaction was conducted at room temperature 
for 1 hour and then further conducted at 80 °C for 3 hours. 

40 ml of the obtained suspension was placed In other 400 ml glass flask, and to the suspension were added 

45 150 ml of hexane, 6.3 ml of a toluene solution (0.0635 mmol/J) of bis(methyfcyclopentaa1enyl)-zlrconhjm (IV)- 
bls(trifluoromethanesulfbnate) (Compound No. 200) and 1.0 ml of triisobutyl aluminum (Al: 1.0 moM), and the 
resulting suspension was stirred for 5 mln. Thereafter, ethylene gas (normal pressure) was continuously intro- 
duced Into the flask to perform prepolymerization at 30 °C for 2 hours. The polymerization reaction liquid was 
f Itered over a 6-3 fltar, and the resultant was washed with 200 mJ of n-hexane. The same washing was re- 

so peated three times, to obtain a solid catalyst containing 5 mg of zirconium and 7.7 g of polyethylene, based on 
1 g of silica. For the subsequent polymerization, a suspension obtained by resus pending this solid catalyst was 
employed. 

Into a 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged 1 50 g of sodium chloride 
(special grade, available from Wako Junyaku Co., Ltd.), and the sodium chloride was dried at 80 °C under a 
65 reduced pressure for 1 hour. The pressure tn the autoclave was returned to normal pressure by Introduction 
of a mixed gas of ethylene and 1 -butane (content of 1 -butane: 5.9 % by mof), and the temperature of the reaction 
system was set to 75 °C. Then, Into the autoclave were added 0.01 mg atom (in terms of zirconium atom) of 
the above-obtained solid catalyst and 0.5 mmol of tricsobutyl aluminum, followed by Introducing the above mixed 
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gas to increase a total pressure to 8 kg/cm*-G, so as to initiate polymerization. The temperature of the reaction 
system was immediately raised to 80 °C. Further, only the mixed gas was replenished into the autoclave to 
keep the total pressure at 8 kg/cm**G, and the polymerization was conducted at 80 °C for 1 hour. 

After the polymerization was complete* the reaction liquid was washed with water to remove sodium chlor- 
ide, and the remaining polymer was washed with methanol. Thereafter, the obtained polymer was dried at 80°C 
under a reduced pressure over 1 night 

As a result, 49.6 g (polymerization activity: 4,960 g polymer/mmd-Zr hr) of an ethytene/butene copolymer 
having MFR (measured under a load of 2.16 kg at 1 90 °C) of 2.70 o/10min and a bulk specific gravity of 0.307 
g/cm* was obtained. 

Example 49 

The procedure of Example 48 was repeated except for not using triisobutyl aluminum in the polymerization, 
to perform copotymerizatlon of ethylene and butane. 

As a result, 297 g (polymerization activity: 2,970 g polymer/mmol-Zr hr) of an ethytene/butene copolymer 
having MFR (measured under a load of 2.16 kg at 1 90 °C) of 8.03 g/10min and a bulk specific gravity of 0.213 
g/cm 3 was obtained. 

Reference Example 25 

The procedure of Example 48 was repeated except for using bis(methylcyclopentadienyl)-ztrconium (IV)- 
dlchloride instead of bis(nwmylcydopentadlenyl)zirwnIum(l\^ (Compound No. 

200), not performing the prepotymerizab'on and not using triisobutyl aluminum, to perform co polymerization of 
ethylene and butene. 

As a result, 10.6 g (polymerization activity: 1,050 g polymer/mmol-Zr hr) of an ethylene/butene copolymer 
having MFR (measured under a load of 2.16 kg at 190 °C) of 51.2 g/10mln and a bulk specific gravity of 0.096 
g/cm 3 was obtained. 

The results are set forth in Table 11 
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Claims 

1 . A catalyst for use In the polymerization of at least one olefin comprising 

[A] a catalyst component comprising a compound of a transition metal of Group IVB of the Periodic Table 
having a ligand containing a -SO a R group wherein R Is an alkyi group, an atkyl group substituted with 
a halogen atom, an aryl group, or an aryi group substituted with a halogen atom or an alkyl group, and 
a ligand having a cydopentadtenyt skeleton, and 

[B] an organoaJumlnum oxy-compound. 

2. A catalyst according to claim 1 which also comprises 

[C] an organoaluminum compound. 

3. A catalyst according to claim 1 or 2 wherein said transition metal compound [A] and said organoaluminum 
oxy-compound [B] are supported on a particulate carrier. 

4. A catalyst according to claim 1 or 2 which also comprises a particulate carrier and an olefin polymer pre- 
pared by prepolymerization. 

5. A catalyst according to any one of claims 1 to 4, wherein the transition metal compound [A] is represented 
by the formula: 

Cpl S0 3 R 

\ / 
M 

/ \ 
Cp 2 X 



wherein M is the transition metal of Group IVB, each of Cp 1 and Cp 2 is a group having a cyclopentadienyi 
30 skeleton and optionally having a substituent group, Cp 1 and Cp 2 optionally being linked to each other 

through an aikytene group, a substituted atkytene group, a sBytene group or a substituted sSytene group, 
R Is as defined in claim 1 , and X Is S0 3 R, a halogen atom, R, OR, NRn, SfOJ^R, SiR a or P(0) q R 3 , wherein 
nis1 ( 2or3andqis0. 1 or 2. 

35 6. A process for preparing an olefin polymer which comprises polymerizing at least one olefin in the presence 
of a catalyst as claimed In any one of claims 1 to 5. 

7. A process according to claim 6 wherein the polymerization is carried also in the presence also of an or- 
ganoaluminum compound. 



8. A transition metal compound having the formula; 

Cp 1 SO3B 
\ / 

/ \ 

; cp 2 x 

wherein the various symbols are as defined In daim 5. 
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